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JANUARY  1873. 

1.   On  Manometric  Flames.  By  Dr.  Rudolph  Konig  {of  Paris)*. 
[With  Two  Plates.] 

IN  the  beginniug  of  1862  I  invented  a  new  method  of  ob- 
servation, which  had  for  its  object  to  make  apparent  the 
sounding  air-waves,  or,  what  is  the  same  thing,  the  changing 
density  of  the  atmosphere  while  penetrated  by  sounding  vibra- 
tions, or  while  itself  in  a  state  of  vibration,  in  the  same  way  as 
acoustic  experiments  were  able  to  show  clearly  the  vibration  of 
bodies  which  produce  the  vibration  of  the  atmosphere. 

The  first  apparatus  founded  on  this  method  was  shown  in  the 
London  Exhibition  of  1862;  and  since  that  period  I  have 
invented  a  whole  series  of  apparatus  on  the  same  principles :  a 
short  description  of  some  has  appeared  in  PoggendorfF's  Annalen 
for  1864;  and  others  are  briefly  sketched  in  my  Catalogue  of 
1865. 

The  following  pages  are  designed  to  explain  all  these  appa- 
ratus, as  well  those  which  have  been  added  since  the  publica- 
tion of  my  Catalogue,  as  also  the  experiments  in  connexion  with 
them. 

The  small  instrument,  on  the  use  of  which  my  method  is 
founded,  and  to  which  I  have  given  the  name  of  Manometric 
Capsule,  consists  of  a  cavity  in  a  wooden  plate,  whose  orifice  is 
closed  by  a  thin  membrane.  Illuminating  gas  may  be  intro- 
duced into  this  cavity  through  a  pipe— a  second  pipe,  termina- 
ting in  a  gas-burner,  giving  means  for  exit  and  ignition. 

Now,  if  the  air  before  the  membrane  be  rendered  suddenly  of 

*  Translation,  communicated  by  the  Author,  from  Poggendorff 's 
Annalen,  vol.  cxlvi.  p.  Kil. 

Phil.  Mag.  S.  4.  Vol.  45.  No.  297.  Jan.  1873.  B 
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a  greater  density,  the  membrane  will  of  course  be  driven  inwards, 
and  thus  expel  the  gas  and  cause  the  flame  to  rise  quickly.  If, 
on  the  contrary,  the  air  be  suddenly  rarefied,  the  membrane 
becomes  drawn  outwards,  the  space  within  momentarily  in- 
creased, the  gas  expanded,  and  the  flame  lowered. 

A  membrane  is  known  to  possess,  like  every  other  elastic 
body,  only  a  definite  series  of  notes ;  and  thus  we  should  suppose 
that  the  manometric  capsule  would  only  show  an  eff'ect  when 
the  note  acting  upon  it  agreed  with  one  of  the  notes  of  its 
membrane. 

But  this  is  not  the  case;  for  besides  the  vibration  which  a 
body  makes  under  the  influence  of  its  elasticity,  any  motion 
whatever  can  be  forced  upon  it  if  only  the  active  force  be  much 
greater  than  the  resistance  which  it  can  ofl'er. 

For  example,  let  us  take  a  long  thin  string,  tuned  to  the  funda- 
mental note  of  100  vibrations,  and  place  its  centre  in  firm  con- 
nexion with  the  prong  of  a  strong  massive  tuning-fork  of  110  vi- 
brations ;  it  will  then  clearly  move  to  and  fro  110  times  in  unison 
with  the  vibrations  of  the  tuning-fork,  although  in  accordance 
with  its  nature  it  could  only  execute  100,  200,  300,  &c.  vibra- 
tions. In  point  of  fact  it  does  not  truly  vibrate,  but  is  only 
mechanically  drawn  to  and  fro.  This  is  also  the  case  with  the 
U)anometric  capsule,  as  it  is  so  constructed  that  the  resistance 
off'ered  to  the  condensation  and  rarefaction  of  the  atmosphere 
must  be  considered  very  trifling,  indeed  almost  nil.  One  and 
the  same  capsule  is  thus  equally  effective  for  every  note ;  also 
different  capsules,  whose  membranes  have  not  been  tuned  in 
unison,  nevertheless  give  the  same  results  under  the  influence 
of  the  same  note. 

If  out  of  several  capsules  which  are  fed  by  the  same  gas-reser- 
voir you  set  one  in  activity,  the  flames  in  all  the  others  are  set 
in  motion.  Tlius,  if  the  membrane  be  pressed  into  the  capsule, 
the  pressure  will  not  only  drive  the  flame  higher  from  the  exit- 
pipe,  but  will  also  spread  its  influence  through  the  entrance-pipe 
to  the  general  reservoir,  aiul  thence  to  the  other  capsules,  the 
flames  of  which  become  prolonged,  although  in  a  less  degree. 
Of  course,  a  pressure  in  the  contrary  direction  produces  an 
opposite;  effect.  If,  therefore,  several  capsules  are  to  be  em- 
ployed at  the  sum(!  time,  this  mutual  influence  nnist  be  annulled. 

1  at  first  sought  to  attain  this  end  by  placing  between  the  re- 
servoir and  the  capsules  long  thin  india-rubber  tubes ;  but  this 
did  not  act  (juite  satisfactorily. 

I  attained  my  ol)ject,  h()w«;ver,  by  the  use  of  accessory  cap- 
mdcH,  through  which  I  jx  rniitted  the  gas  to  pass  before  I  con- 
ducted it  iiilo  the  inanonietiie  capsule;  they  are  constructed  like 
the  others,  each  consisting  of  a  cavity  closed  by  ii  thin  membrane. 
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If  the  pressure  derived  from  the  manometric  capsule  pass 
through  the  eutrance-tube  towards  the  gas-reservoir,  it  will  be 
annulled  when  entering  the  accessory  capsule  by  the  yielding  of 
the  membrane. 

Practice  shows  that  we  may  put  into  the  strongest  motion  one 
of  several  flames  isolated  in  the  foregoing  manner  without  in  any 
way  affecting  the  rest. 

Proof  of  the  different  condition  of  the  Air  in  the  Nodes  and 
Ventral  Segments  of  a  sounding  Air-column. 

In  order  to  show  the  changing  density  of  the  air  in  the  nodes 
and  its  fixed  condition  in  the  ventral  segments  of  a  sounding  air- 
column  generally,  I  make  use  of  an  open  organ-pipe,  which  is  so 
constructed  that  either  its  fundamental  tone  or  its  first  harmonic  or 
overtone,  the  octave,  can  be  sounded  at  will  (fig.  1).  At  the  node 
of  the  fundamental  and  the  two  nodes  of  the 
octave  are  three  orifices  in  one  side  of  the  pipe  ; 
over  these  three  manometric  capsules  are  so 
placed  that  the  orifices  are  exactly  closed  by 
the  membranes,  being  of  the  same  diameter;  a 
common  reservoir,  provided  with  accessory 
capsules,  feeds  the  three  flames,  the  length 
of  which  can  be  regulated  by  cocks. 

If,  now,  we  give  to  the  three  flames  an  equal 
height  of  15  to  20  millimetres,  and  sound 
the  octave,  then  the  two  exterior  flames  will 
be  put  into  such  violent  motion  that  they 
will  appear  prolonged,  narrow,  quite  blue,  and 
without  illuminating  power,  on  account  of 
the  considerable  amount  of  air  which  they 
draw  with  them  in  their  flickering  up  and 
down,  whilst  the  middle  flame  W\\\  remain 
almost  still  and  bright,  being  placed  at  the 
centre  of  a  ventral  segment,  where  the  air  is 
only  gliding  to  and  fro. 

At  the  sounding  of  the  fundamental  the 
middle  flame  is  at  the  node,  and  therefore  vio- 
lently agitated  ;  the  two  exterior  ones,  which 
are  then  between  the  node  and  the  centres  of 
the  ventral  segments  at  the  ends  of  the  pipe, 
show  only  a  weaker  motion.  As  in  this  case 
it  is  only  a  question  of  different  intensity  of 
motion  in  the  individual  flames,  it  is  better 
here  to  make  use  of  smaller  flames,  when  the 
middle  one  becomes  quite  blue,  while  the 
exterior  ones  remain  bright. 

1^>2 
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riames  the  length  of  only  8  to  10  millims.,  on  sounding  the  fun- 
damental the  middle  flame  will  be  extinguished,  on  sounding  the 
octave  the  exterior  ones  will  disappear. 

These  experiments  may  also  be  made  with  a  closed  organ- 
pipe  which  can  be  sounded  on  its  fundamental  and  its  lirst  over- 
tone. One  of  the  flames  must  then  be  at  the  end  of  the  pipe, 
where  the  node  of  the  fundamental,  as  well  as  one  of  the  nodes 
of  the  overtone,  are  found. 

If  the  flame  be  shortened,  on  sounding  the  fundamental  the 
end  flame  will  be  the  first  to  go  out,  and  then  the  middle  one, 
because  the  latter  is  nearer  to  the  node  than  to  the  ventral 
segment  in  the  mouth  of  the  pipe. 

But  on  sounding  the  first  overtone,  the  1.2th  of  the  fun- 
damental, the  middle  flame  remains  unchanged,  while  the  two 
exterior  ones  become  extinguished. 

Comparison  and  Combination  of  several  Tones. 

These  experiments  have  only  shown  the  general  working  of 
whole  series  of  consecutive  vibrations  ;  if,  however,  we  allow  the 
flame  to  be  reflected  by  a  rotating  mirror,  we  see  all  phases  of 
their  motion  side  by  side,  and  we  can  then  not  only  examine  the 
number  of  vibrations  and  the  ratios  of  different  tones,  but  also 
observe  the  images  made  by  the  combination  of  several  tones. 

The  apparatus  which  serves  for  these  investigations  consists 
of  a  set  of  organ-pipes,  each  of  which  is  provided  at  the  node  of 
its  fundamental  with  a  manometric  capsule.  This  can  be  con- 
nected by  means  of  an  india-rubber  tube  with  gas-burners,  which 
are  placed  on  a  special  stand  (fig.  2). 

Before  these  gas-burners  there  is  placed  a  revolving  mirror, 
made  of  four  glass  plates  coated  with  platinum.  The  platinum, 
surfaces  arc  turned  outwards,  in  order  to  avoid  the  confusing 
double  images  of  the  common  mirrors,  whicii  is  caused  by  re- 
flection from  the  two  surfaces  of  the  glass  phites.  A  small  wind- 
chest,  for  the  recej)tion  of  two  organ-pipes,  has  two  mouth- 
pieces, the  larger  of  whicli  serves  to  conduct  the  air  from  a 
bellowR.  Through  the  smaller  one  the  gas  is  conducted  to  a  com- 
mon receiver,  provided  with  two  cocks,  which  are  joined  by  means 
ol  india-rubber  tuljing  to  the  capsules  of  the  orgaii-])ij)es. 

The  reflection  (»f  a  flame  at  rest  shows  in  the  rotating  mirror 
a  bund  of  light  of  the  width  of  the  height  of  the  flame.  If  we, 
however,  sound  the  organ-pipe  in  connexion  with  it,  there 
appears  in  place  of  the  band  of  light  a  series  of  regularly  eon- 
Mccutive  flaine-pietures,  the  tips  of  which  are  bent  in  a  direction 
oppohite  to  that  in  which  the  mirror  is  moving. 

If  wc  place  two  burners  in  such  a  position  that  their  reflections 
give  tw(»  bands  of  light,  oih'  above  another,   and  connect   them 
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with  two  organ-pipes  which  together  give  the  interval  of  the 
octave,  the  series  corresponding  to  the  higher  tone  gives  double 

Fig.  2. 


the  number  of  flames  that  the  other  one  does,  by  which  the  vi- 
brations are  shown  to  be  in  the  ratio  of  1  :  2  (PI.  I.  fig.  3) . 
If  we  take  organ-pipes  of  other  intervals,  we  get  with  the  fifth 
three  flames  above  two,  with  the  fourth  four  above  three, and  so  on. 
The  rapidity  of  the  motion  of  the  flames  allows  their  reflections 
in  the  mirror  to  be  very  sharply  defined ;  but  as  they  are  of 
very  short  duration,  it  would  be  difficult  in  this  experiment  to 
observe  trifling  deviations  from  the  purity  of  the  intervals ;  for 
although  in  point  of  fact  it  is  easy  to  recognize  that  in  one  of 
the  series  there  are  almost  always  two  flames  when  there  is  one 
in  the  other,  yet  it  would  be  difficult  to  discover  that  about  200 
in  the  one  series  coincide  with  about  101  in  the  other.  These 
exact  observations  can  be  made  with  the  greatest  facility,  how- 


6  Dr.  R.  Konig  on  Manometric  Flames. 

ever,  if  we  make  the  two  capsules  of  the  two  corresponding  organ- 
pipes  act  on  the  same  flame. 

If  we  sound  two  organ-pipes,  exactly  tuned  to  an  octave, 
while  the  gas  streams  from  their  two  capsules  into  the  same 
burner,  the  flame  has  the  appearance  of  containing  within  it  a 
smaller  one  without  motion.  By  the  slightest  discord,  how- 
ever, the  latter  becomes  flickering,  and  lengthens  and  shortens 
periodically  within  the  greater  one.  Each  of  these  double 
movements  composed  of  ascending  and  descending  shows  a 
fluctuation,  either  the  deviation  of  the  upper  tone  by  a 
double  vibration,  or  of  the  lower  by  a  single  vibration  from  the 
pure  interval  of  the  octave. 

The  fifth  (2  :  3)  shows  three,  the  fourth  (3  :  4)  four,  the  third 
(4  :  5)  five  points  of  flame  one  above  another,  whose  mutual 
position  remains  unchanged  with  the  perfect  purity  of  the  in- 
terval ;  on  the  contrary,  any  deviation  from  this  causes  an  up- 
and-down  movement  among  them  of  each  single  point,  which 
takes  the  appearance  of  a  waving  motion. 

In  all  these  intervals  it  is  easy  so  to  arrange  the  length  of  the 
flame  that  all  the  points  may  remain  clearly  bright  and  appear 
separated  from  each  other  by  blue  non-luminous  parts  of  the 
flame.  If,  however,  the  ratios  of  vibration  of  the  two  tones 
becomes  more  complicated,  it  is  often  difficult  to  observe  them 
exactly ;  but  even  in  this  case  the  flame  shows  plainly  whether 
the  interval  be  pure  or  out  of  tune,  as  we  have  but  to  see  whether 
the  flame  is  at  rest  or  in  motion. 

This  property  of  the  manometric  flame,  of  showing  the  least 
deviation  from  the  purity  of  the  interval,  makes  it  in  many 
cases  exceedingly  useful  in  tuning,  as  it  is  not  necessary  that 
the  two  notes  which  are  to  be  brought  into  tune  should  be 
produced  by  organ-pipes  provided  with  capsules  :  the  notes  of 
any  instrument  may  be  used,  if  they  are  produced  before  two 
resonators  in  relation  with  them,  which  act  on  two  manometric 
capsules  whose  gas-pij)cs  end  in  the  same  burner. 

The  ratio  1  :  2  is  the  most  convenient,  on  accoimt  of  its  easy 
examination  ;  so  that  if  we  want  to  tunc  a  scries  of  tuning-forks 
to  tlic  Kame  note,  it  is  better  to  choose  the  fork  for  comparison 
an  octave  lower  or  higher. 

If  we  wish  to  observe  the  whole  process  of  vibration  in  the 
above-njcntioncd  flames  on  which  two  notes  act  at  the  same 
time,  we  must  again  employ  the  rotating  mirror.  The  ])urc 
octave  HJiows  in  it  a  scries  of  flames,  in  which  a  shorter  always 
follows  a  longer,  and  the  shorter  ones  have  all,  like  the  longer 
ones,  equal  heights  (fig.  I,  IM.  I.).  If  any  heats  occur,  the 
huniniitM  (if  the  smaller  as  w(  II  as  of  the  larger  flanu-s  move  up 
and   down.      However,   these   motions  are  opposed;   so  that  in 
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those  positions  where  the  long  flames  are  at  their  longest,  the 
short  flames  are  at  their  shortest,  and  vice  versa. 

In  fig.  4,  PL  I.  the  picture  of  the  seventh  (8  :  15,  or  8  :  16  —  1) 
shows  this  process,  although  in  a  very  short  period.  The  fifth 
(2  :  3)  shows  a  period  of  three,  the  fourth  (3 :  4)  of  four,  the 
third  (4  :  5)  of  five,  and  the  second  (8  :  9)  of  nine  in  the 
range  of  the  increasing  and  then  decreasing  flames. 

If  the  proportion  is  not  of  the  form  n:  n  +  1,  then  there 
takes  place  in  the  whole  period  not  only  a  rise  and  fall  of  the 
flame-summits,  but  the  curve  connecting  them  shows  as  many 
elevations  and  depressions  as  the  difi"erence  between  the  two 
ratios.  For  example,  see  the  picture  of  the  sixth  (3  :  5)  (fig.  4, 
PI.  I.). 

The  more  complicated  the  interval  of  the  two  notes,  the  more 
carefully  we  must  bring  it  into  perfect  purity  of  tune,  until  no 
further  movement  whatever  can  be  discerned  in  the  flame, 
because  otherwise  the  recurring  periods  of  the  flame- pictures  in 
the  mirror  suffer  continual  change  by  the  change  of  phase,  and 
in  that  case  it  becomes  diflScult  to  recognize  them.  But  this 
exact  tune  becomes  still  more  imperative  if  we  wish  to  combine 
more  than  two  notes  while  making  them  act  on  one  flame.  It 
will  be  remarked,  besides,  in  these  experiments,  how  difficult  it 
is  to  retain  absolutely  constant  notes  with  organ-pipes,  even 
when  we  make  use  of  a  well-regulated  bellows. 

Coexistence  of  two  Tones  in  the  same  Air-column. 

The  investigation  of  the  combination  of  two  related  tones  in 
one  flame-picture  is  especially  useful,  because  it  teaches  us  from 
the  flame-picture  of  a  combination  of  tones,  of  which  the  com- 
ponents are  unknown,  to  find  the  single  tones  of  which  it  is 
composed. 

A  passage  to  the  trial  of  such  a  combination  of  tones  as,  e.  g., 
each  sound  offers,  is  the  combination  formed  by  a  fundamental 
with  a  known  overtone  in  the  same  air-column.  Very  suitable 
for  such  an  experiment  is  the  above  described  closed  organ-pipe 
with  three  flames,  since  the  node  of  the  fundamental  as  well  as 
one  node  of  the  first  overtone  are  situated  at  their  ends. 

If  we  blow  the  fundamental  (1)  very  gently,  the  flame- 
picture  in  the  mirror  shows  the  vibrations  of  this  tone ;  if  now 
we  blow  the  overtone  (3)  strongly,  each  single  vibration  will  be 
replaced  by  three  flames.  "With  a  rather  weaker  blast  both  tones 
are  produced  together,  and  we  always  see  three  flame-summits 
over  every  fundamental  flame  (fig.  5,  Plate  I.).  Therefore  several 
tones  present  at  the  same  time  in  the  air-colunni  give  exactly 
the  same  flame-picture  as  the  combination  of  the  same  tones 
when  each  is  produced  by  its  own  particular  organ -pipe. 
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Representation  of  Sounds. 

The  apparatus  which  is  used  for  the  representation  of  sounds 
consists  simply  of  a  manometric  capsule,  before  the  membrane 
of  which  there  is  a  small  cavity  terminating  in  a  short  tube 
(fig.  6) .     The  sounds  to  be  represented  must  be  conducted  into 

Fig.  6. 


this  cavity  with  the  smallest  possibleloss  of  their  intensity  and 
without  undergoing  any  change  in  their  passage. 

The  sound-j)icturcs  of  the  combined  tones  of  the  same  instru- 
ment are  never  all  alike,  but  the  decj)est  tones  always  show  much 
larger  and  more  coiujjlicfltcd  flamc-grou])s  for  each  single  vibra- 
tion of  the  fundamental  than  the  higher  ones,  because  the  high 
harmonic  tones,  which  arc  to  be  heard  in  the  sound  of  the  deeper 
tones  of  the  instrument,  disappear  more  and  more  as  the  funda- 
mental ascends.  Thus  the  higlicr  the  tone  the  smaller  in  com- 
parison are  the  dimensions  of  the  means  which  |)roduce  it.  The 
vibrations  of  all  resounding  instruments,  however,  take  a  simpler 
form  if  the  dimensions  of  tlie  latter  arc  very  small,  l)ecause  the 
different  bodies  lose  their  capacity  of  forming  subdivisions  in 
vibration,  by  which  the  accessory  tones,  if  not  exclusively,  yet 
in  many  eases  are  ehielly  produced. 

A  second  reason,  however,  and  that  a  very  j)otent  one,  is  this. 
If  the  tones  are  produced  not  so  much  by  the  ehistic  vibrations 
of  a  body  as  rather  by  gusts  of  air,  as  in  the  siren  and  pandean 
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pipes,  the  upper  notes  which  are  contained  in  the  sound  of  a 
lower  note  have  so  high  a  place  in  the  scale  for  a  high  note 
that  they  produce  no  eiFect,  either  on  the  ear  or  on  an  artificial 
membrane. 

The  lowest  note  of  the  violin,  for  example,  is  g  (193  vibrations), 

and  its  8th  harmonic  ff  (1536  vibrations)  is  within  the  range 
of  the  instrument.  It  is  produced  on  the  G-string  by  a  length  of 
4,  and  on  the  E-stringby  about  131  centimetres.    Nevertheless, 

if  we  take  this  very  g  as  fundamental  tone,  the  length  of 
string  of  its  eighth  harmonic  on  the  E-string  would  be  about 
17  millimetres;  and  besides,  with  12,288  vibrations,  it  would 
be  already  nearly  two  octaves  above  the  highest  notes  used  in 
music,   which  sufficiently  explains  why  it  is  not  heard  in  the 

sound  of  g. 

My  success  was  but  partial  in  the  representation  of  violin 
sounds,  owing  to  the  high  position  of  the  notes  of  the  instru- 
ment, since,  with  the  exception  of  the  notes  from  ^  to  c  on  the 
G-string,  I  obtained  only  the  fundamental  vibrations  for  all  the 
rest.  In  my  endeavours  to  conduct  the  notes  as  loud  as  possible 
to  the  membrane  I  tried  two  methods.  First,  I  connected  the 
interior  air  of  the  violin  with  the  small  apparatus,  by  means  of  an 
india-rubber  tube  which  I  introduced  into  one  of  the  /-shaped 
apertures  of  the  violin ;  and  secondly,  I  pressed  my  stethoscope 
with  its  concave  membrane  on  the  bottom -piece  of  the  violin, 
precisely  under  the  sounding-post,  and  attached  the  india-rubber 
tube  to  the  flame-apparatus.  The  results  in  the  latter  case  were 
as  follows. 

On  the  G-string  g  showed  the  figure  of  the  octave  in  weak 
wave-formed  flames,  which,  as  far  as  b,  rose  to  sharply  defined 
clearly  cut  flames.  With  c  the  latter  fell  quite  suddenly  into  one 
single  broad,  short,  and  faint  flame,  in  which  I  could  perceive 
only  the  smallest  trace  of  the  octave  when  played  forcibly. 
Already  the  D-string  only  showed  simple  flame  series,  which 
ioT  d  e  f  g  were  rounded,  wave-like,  and  weak,  but  on  play- 
ing a  became  again  stronger.  The  a  on  the  A-string  gave  very 
high  and  deeply  cut  flames,  b  still  stronger  ones,  which  fell, 

however,  at  c  and  became  quite  weak.  Up  to  g  and  a  on 
the  E-string  every  trace  was  lost  of  the  small  flame-points 
which  had  appeared  at  the  last  overtones. 

On  the  connexion  of  the  interior  air  with  the  apparatus,  the 
insensibly  graduated  picture  of  the  octave  from  g  changed  into 
a  single  sharply  defined  flame  at  b ;  this  attained  such  an  extra- 
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ordinary  height  at  c,  as  though  it  had  been  produced  by  the 
vibrations  of  an  organ-pipe  pro^•ided  with  a  capsule  at  the  node. 

The  note  d  also  showed  a  series  of  high  and  sharply  defined 
flames,  which,  however,  quite  disappeared  at  e  to  give  place  to 
the  weak  rounded-off  waving  lines  as  far  as  a. 

This  sudden  appearance  of  very  high  flames  in  the  region  of 
c  is  explained  by  the  circumstance  that  the  lowest  proper  note 
of  the  interior  air  of  the  violin  is  precisely  c.  For  the  upper 
notes  I  obtained  the  same  result  as  with  the  stethoscope ;  that 
is  to  say,  the  notes  a  and  b  again  gave  much  stronger  vibra- 
tions than  e  f  g,  and  than  the  upper  c  d  e  &c.;  so  that  the 
second  peculiar  note  of  the  interior  air,  or  rather  of  the  whole 
system  formed  by  the  violin,  seems  to  be  in  the  region  of  a  and  b. 

With  regard  to  sound,  we  have  in  this  case  certainly  been  able 
only  to  make  evident  the  transition  from  the  figure  of  the  octave 
to  that  of  the  simple  note.  The  siren  shows  much  better  the 
gradual  disappearance  of  the  higher  upper  note  from  the  musical 
sounds  when  their  fundamental  tone  is  raised.  To  this  end  I 
intercept  the  impulse  above  the  open  perforated  plate  by  means 
of  an  arched  aperture  which  expands  into  a  small  tube,  and  is 
placed  immediately  above  a  part  of  the  apertures  so  as  to  permit 
them  to  affect  the  flame,  while  I  cause  the  rotation  of  the  plate  to 
increase  from  its  lowest  to  its  highest  swiftness  by  increased  pres- 
sure of  the  air.  The  mirror  then  shows  at  the  lowest  notes  very 
large  and  dense  flame-groups ;  these  change  towards  the  middle 
of  the  great  octave  into  more  clearly  defined  and  deep-slit  waves, 
with  at  first  five,  then  towards  c  and  d  with  four  fiame-points. 
At  g  and  a  the  number  of  the  points  falls  to  three,  at  c  and  d 
to  two;  and  at  a  the  last  trace  of  the  octave  disappears  from  the 
sound ;  after  this  all  the  still  higher  notes  only  show  single 
flame-pictures. 

But  the  result  of  this  experiment  is  essentially  different  if  when 
a  sounding-chest  is  fastened  over  the  perforated  j)late.  It  first 
intensifies  the  upper  liarmonicsof  the  sound,  then  the  lower,  and 
lastly  the  fundamental  itself:  this  causes  the  ilame-groups  no 
longer  to  become  simj)lcr  gradually  and  in  accordance  with  the 
height  of  the  notes,  but  to  show  rather  sudden  chaTiges  alter- 
nately rising  and  disajjpeariiig.  Thus  the  sound  of  a  siren, 
over  the  perforated  plate  of  which  a  resonance-bo.\  giving  the 

note  c  was  placed,  after  showing  a  few  eoiiiplioatrd  and  faint 
pieturcH  when  the  plate  was  slowly  rotated,  produced  on  reach- 
ing the  pitch  c  clearly  n  large  flame  in  agreement  with  the  fun- 
damental   tone:    this    flame   had   ft)»ir   summits,   derived   from 
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overtone  4,  which  coincided  with  the  proper  note  of  the  sound- 
ing-chest. On  turning  the  plate  more  rapidly,  the  flame- 
picture  became  simplei',  until  at  /  it  became  one  single  flame, 
so  that  the  overtone  3  must  be  quite  wanting  in  this  sound 
of  the  siren.  The  ascending  scale  had  scarcely  passed  /  when 
there  appeared  between  each  two  large  flames  a  small  but 
sharply  defined  flame,  which  quickly  increased  in  size,  and 
towards  c  reached  nearly  the  height  of  the  chief  flames,  where 
the  efi"ect  of  the  resonauce-box  confirmed  the  fact  of  its  being 
the  overtone  2  of  the  sound  of  the  siren.  Above  c  the 
smaller  flame  leant  always  more  towards  the  larger  one,  until  at 
a  it  completely  disappeared  in  it :  after  this  again  only  single 
flames  appeared  (PL  I.  fig.  7). 

In  order  to  make  the  sound  in  these  experiments  act  strongly 
on  the  capsule,  I  provided  the  resonance-box  with  a  tube,  and 
placed  its  interior  in  direct  connexion  with  the  flame-apparatus. 
These  experiments,  in  which  the  air-impulses  of  the  siren  are 
prevented  from  passing  immediately  into  the  atmosphere,  being 
compelled  to  pass  through  a  resonator  which  remains  unchanged 
for  all  the  fundamental  tones  of  sound,  give  a  visible  picture  of 
the  process  of  the  formation  of  vocal  sounds ;  for  it  is  known 
that  the  air  contained  in  the  cavity  of  the  mouth,  when  speak- 
ing or  singing  the  same  vowel  in  different  tones,  is  always  tuned 
to  the  same  note,  so  that  the  mouth  must  act  on  the  air-waves 
produced  in  the  larynx  in  the  same  way  as  the  sounding-chest 
on  the  air-impulses  of  the  siren.  Nevertheless  the  series  of 
flame-pictures  of  the  same  vowel,  sung  in  the  tones  of  two  oc- 
taves, does  not  show  such  sudden  changes  as  might  have  been 
expected  without  closer  research. 

In  order  to  produce  the  pictures  of  the  vowels,  I  sing  them 
into  a  small  funnel-shaped  mouthpiece  which  is  connected  with 
the  cavity  before  the  membrane  by  a  short  india-rubber  tube ; 
thus  they  reach  the  capsule  with  great  intensity  (fig.  6). 

I  had  already  in  1867  sketched  and  had  painted  the  pictures 
of  the_vowels  u,  o,  a,  e,  i  sung  to  the  notes  of  the  two  octaves  from 
C  to  c.  I  proceeded  in  the  following  manner.  In  order  to 
be  sure  that  I  had  not  changed  the  character  of  the  vowel  in  the 
transition  from  one  tone  to  another,  I  first  verified  the  proper 
note  of  the  mouth  with  the  tuning-fork ;  then,  while  I  sang 
into  the  apparatus,  an  artist  drew  the  picture  which  he  saw  in  the 
mirror.  1  also  drew  the  same  picture  independently:  and  if  both 
our  drawings  were  identical  they  were  looked  upon  as  correct ; 
if,  however,  there  were  discrepancies,  I  repeated  the  experiment 
until  the  error  was  discovered. 

The  five  finished  drawings  (PI.  II.  fig.  8)  were  unfortunately 
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too  late  for  the  Exhibition;  but  I  was  able  to  exhibit  them  at  the 
fleeting  of  the  Association  of  Natural  Philosophers  at  Dresden 
in  1868.  I  delayed  their  publication  until  now  because  I  wished 
to  revise  them  with  precision,  but  was  always  prevented  by  the 
delicate  state  of  ray  throat,  which  did  not  permit  me  such 
fatiguing  experiments.  But  now,  since  I  can  no  longer  hope 
to  recover,  I  have  used  my  best  endeavours  to  make  the  pictures 
correct,  and  give  them  forth,  not  indeed  as  absolutely  perfect, 
but  as  nearly  so  as  it  was  possible  for  me  to  make  them. 

The  drawings  themselves  are  much  more  difficult  than  might 
be  supposed,  particularly  of  the  large  flame-groups  of  the  deeper 
notes,  not  only  on  account  of  the  evanescence  of  the  pictures, 
but  also  because  the  flame-summits  do  not  always  follow  each 
other,  but  are  partly  situated  beneath  one  another,  so  that  it 
appears  as  though  different  flame-groups  were  intermingled,  or 
rather  pushed  partly  one  before  auother.  But  these  flames, 
whose  background,  so  to  say,  is  formed  by  other  flames,  easily 
escape  observation,  particularly  if  the  back  ones  are  not  so  high, 
nor  the  front  ones  so  low,  that  the  bright  summits  of  the  latter 
stand  out  upon  the  blue  lower  parts  of  the  former.  We  can 
indeed,  by  a  rapid  rotation  of  the  mirror,  separate  all  the  summits 
from  each  other ;  but  then  the  whole  group  becomes  difficult  to 
observe,  on  account  of  its  great  length  and  the  great  bending  of 
the  flames. 

However  imperfect  the  drawings  m.ay  be  on  account  of  the 
absence  of  some  details,  yet  they  give  true  pictures  of  the  general 
outline  as  portrayed  in  the  mirror.  If,  for  example,  the  vowel  A 
be  sung  on  the  note  C,  the  picture  shows  a  group  from  which  a  tall 
bright  flame  rises  near  a  smaller  very  blue  one ;  after  these  come 
a  whole  mountain  of  regularly  toothed  flames.  Now  it  is  quite 
possible  that  this  ridge  has  really  9  summits,  whilst  I  have  only 
drawn  8;  for  it  has  sometimes  appeared  to  me  that  there  were 
more  than  that  number  on  days  when  I  produced  this  very  low 
note  stronger  and  purer  than  usual ;  but  this  docs  not  change  the 
character  of  the  whole  group,  which  could  never  be  mistaken  for 
that  of  U,  O,  E,  or  I  sung  in  the  same  note.  In  any  case,  there- 
fore, these  pictures  appear  to  me  sufficient  for  the  representation 
of  the  great  diffcrenec  in  the  appearance  of  the  sound  of  the  five 
vowels,  sung  on  the  same  note,  as  well  as  to  show  the  manner 
of  the  change  of  the  flamc-j)ictures  of  the  same  vowel  from  one 
note  to  another.  But  this  is  the  chief  point,  and  indeed  all 
that  can  be  attained  with  certainty  by  the  aj)|)aratus ;  for  just 
on  account  f)f  its  great  sensitiveness  wc  must  not  hope  for  abso- 
lutely correct  |)ictiires.  The  details  in  tlw;  group  change  most 
remarkably,  not  only  when  tlu;  same  vowel  is  sung  in  the  same 
note  by  different  voices,  but  also  when  the  same  voice  gives  vowel 
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and  note  with  different  intensity.  A  very  slight  change  in  the 
condition  of  the  voice  is  sufficient  to  effect  great  changes  in 
the  tlame-pictures.  For  instance,  when  my  throat  is  weary, 
instead  of  obtaining  the  picture  as  drawn  of  U  sung  on  e,  I  get 
only  a  small  flame  and  two  tall  broad  ones,  the  last  in  place  of 
two  and  two  in  the  picture ;  and  similar  simplifications  are  made 
in  all  the  flame-groups. 

In  order  to  see  first  what  influence  may  be  expected  from  the 
fixed  notes  of  the  mouth-cavity  on  the  flame-pictures,  I  will  give  a 
general  view  by  drawing  for  each  vowel,  sung  in  each  note  of  the 
two  octaves  from  C  to  c,  the  harmonic  overtone  to  which  the 
characteristic  note  approximates,  and  the  number  of  vibrations  by 
which  they  differ. 

For  0,  A,  and  E,  I  take  the  characteristic  notes   (given  by 

Helmholtz)  b,  b,  andZ>;  but,  differing  from  the  former  opinion 
of  Donders  and  Helmholtz,  I  have  found  for  XJ  and  I  the  notes 

b  and  b ;  so  that  the  five  chief  vowels  are  all  an  octave  distant 
from  each  other,  and  the  characteristic  note  of  the  lowest  vowel, 
viz.  U,  unites  with  the  lowest  note  which  it  is  possible  for  the 
mouth  to  intensify  by  resonance. 

In  the  definition  of  these  notes  there  is  no  question  of  an  ab- 
solutely exact  number  of  vibrations.  If,  for  example,  I  find  the 
most  powerful  resonance  of  the  mouthpiece  for  U  giving  between 
220  and  230  vibrations,  I  may  take  equally  224  or  225  vibra- 
tions as  the  characteristic  note  of  U.  I  make  this  remark 
here  particularly  because,  in  a  short  address  to  the  Paris  Aca- 
demy (April  25,  1870)  on  the  before-mentioned  definitions  of 
the  characteristic  notes  of  U  and  I,  1  2;ave  as  the  average  simple 
vibrations  for  U,  0,  A,  E,  I,  225,  450,  900,  1800,  and  3G00— 
but  after  a  subsequent  revision,  the  equally  correct  numbers  224, 
448,  896,  1792,  and  3584.  The  former  are  indeed  easier  to 
retain,  but  they  refer  to  no  note  in  use ;  whereas  the  latter 
numbers   show  the  vibrations  of  the  seventh   overtone  of  Cj, 

C,  c,  c,  and  c  (c  =  256  vibrations.). 

In  the  following  Table  the  first  column  contains  the  vowel, 
the  second  the  note  sung,  and  the  third  and  fourth  the  two 
overtones  of  the  sound  of  that  note  between  which  the  cha- 
racteristic sound  of  the  vowel  falls,  together  with  the  number  of 
vibrations  by  which  one  of  these  notes  is  lower  and  the  other 
higher  than  the  proper  note  of  the  mouth-cavity. 
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The  characteristic  tone  of  U  approaches  therefore  to  the  third 
overtone  of  D  aud  E,  to  the  second  of  A  and  Bj  and  to  the  fun- 
damental a  aud  b ;  aud  in  point  of  fact  in  the  flame-groups  of  D 
and  E  we  can  perceive  a  forking  into  three,  in  those  of  A  and  B 
into  two  chief  divisions ;  while  the  flame-pictures  of  a  and  b  show 
a  great  preponderance  in  intensity  of  the  fundamental  over  the 
accessory  tones. 

The  characteristic  tone  of  O  does  not  approach  any  of  the 
overtones  of  the  sounds  that  are  sung  (except  C)  nearer  than 
about  half  a  tone  ;  therefore  it  has  but  little  eff"ect  on  the  flame- 
pictures.  At  a,  where  it  approaches  the  second,  and  at  d,  where 
it  approaches  the  third  overtone,  we  perceive  clearly  the  forking 
into  two  and  three  parts  respectively;  but  the  more  complicated 
groups  of  A,  F,  and  D  do  not  show  any  particular  prominence 
of  the  '  ^s  4,  5,  and  6.  This  was  to  be  expected,  as  the  air  in 
the  mouij,.  wmjuot  strongly  vibrate  if  its  pitch,  as  in  this  case, 
differs  half  a  tone  from  the  note  already  weak  when  sounded. 

The  characteristic  tone  of  A  approaches  no  overtone  nearer 
thon  16  vibrations,  except  at  C  and  c,  where  it  coincides  wath 
tl  nd  7th  overtones.     Nevertheless  the  pictures  of  C  aud 

c  dc  noc  show  the  existence  of  the  14th  and  7th  overtones,  pro- 
bauly  because  these  notes  are  so  high  aud  weak  in  the  larynx 
that  they  cannot  vibrate  the  atmosphere  iu  the  mouth  sufficiently 
to  act  on  the  flame. 

The  characteristic  tones  of  the  vowels  E  and  I  are  too  high  to 
have  any  effect  on  the  flame ;  aud  thus  E  sung  on  c  shows  but 
such  a  picture  as  does  a  fundamental  distantly  accompanied  by 
its  octave,  instead  of  a  group  of  seven  summits. 

T,  sung  on  the  same  note,  shows  only  a  series  of  simple  flames, 
which  seem  to  indicate  a  simple  tone.  This  simplicity  of  the 
flame-picture  here,  however,  is  only  apparent,  as  in  all  the  pic- 
tures of  I. 

The  wide,  large,  and  almost  forkless  flames  shown  by  the  dif- 
ferent groups  are  really  mostly  whole  tufts  of  flame,  W'hich  appear 
somewhat  confused  when  the  note  is  weakly  given  ;  but  wlien, 
on  the  contrary,  it  is  blown  with  force,  and  ))articularly  at  the 
mouthpiece,  numerous  bright  j)oiuts  may  be  clearly  seen,  which 
indicate  the  jjresence  of  very  high  accessory  notes.  It  is  very 
fatiguing  to  sing  I,  and  when  pitched  low  is  so  difiicult  that  I 
was  compelled  to  omit  tiie  sounds  from  C  to  F  in  the  drawings. 

I  made  an  experiment  to  see  whether  the  flame-picture  would 
take  any  different  form  if  1  placed  the  tube,  instead  of  before 
the  mouth,  at  tiu;  back  jjart  of  it,  and  then  sang  A  on/;  but, 
with  the  exception  of  increased  intensity,  the  result  in  both  cases 
wa.s  tiie  hamc. 

The  whispered  vowels  had  Ijut  a  slight  efl'ect  on  the  flame. 
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The  bands  of  light  in  the  mirror  appeared  under  their  influence 
like  an  alternately  darker  and  lighter  ribbon  with  irregular  small 
teeth ;  and  the  whole  was  so  cloudy  and  undefined  that  I  could 
even  discover  no  difference  between  the  different  vowels.  The 
semivowels  m  and  n  gave  such  similar  pictures  that  I  could  not 
distinguish  between  them.  1  have  sketched  them  for  the  notes 
e,g,  e,  c  (fig.  9,  PL  I.) ;  deeper  notes  showed  longer,  but  still 
misty  and  undefined  periods.  Of  course  in  these  experiments  1 
was  obliged  to  put  my  nose  instead  of  my  mouth  to  the  instru- 
ment. The  quivering  R,  silently  pronounced,  shows  a  series  of 
flame-summits  of  diflFerent  elevations  pretty  regularly  forked  or 
toothed.  In  the  small  rotating  mirror,  with  a  plate  15  centims. 
wide,  of  which  I  generally  make  use,  these  summits  appeared  to 
me  to  follow  each  other  irregularly.  But  when  I  eniT^]pyed  a 
larger  one,  40  centims.  wide,  I  perceived  the  regu'  .lodicity 
of  the  whole  group,  which  was  repeated  four  or  five  times  in  the 
width  of  the  mirror.  The  teeth,  which  are  spread  over  the  whole 
of  the  flame-summits,  are  simply  caused  by  the  air-current.  Of 
this  we  can  easily  convince  ourselves  by  placing  the  to' 
little  distance  from  the  gums  instead  of  permitting  it  lv.  . .  |ate 
on  them,  and  then  expelling  the  air  violently  through  i-he 
narrow  aperture.  The  baud  of  flame  then  appears  serra^vid, 
without  any  individual  flame-summits  rising  above  it.  But  if 
we  intone  the  R,  the  picture  of  the  note  unites  with  that  of  the 
letter,  and  there  ensues  such  a  confused  series  of  single  flames 
and  whole  groups  of  dissimilar  height  and  form,  that  in  the  eva- 
nescence of  the  picture  it  is  impossible  to  decipher  them.  I  have 
sought  to  give  the  character  of  the  voiceless  R  in  fig.  10,  PI.  I. 

The  different  characteristics  of  the  voiceless  explosives  P,  T,  and 
K  are  easily  recognized.  At  P  the  flame  suddenly  rises  straight 
up  high  above  the  average  line,  then  shows  two  or  three  similar 
elancements,  which  are  followed  by  a  few  rapidly  decreasmg  ones. 
Both  the  high  and  low  chief  movements  show  as  at  R  the  inden- 
tations caused  by  the  air-current. 

The  rise  of  the  flame  is  less  sudden  at  T,  neither  is  it  so  high  ; 
and  the  deep  incisions  are  wanting,  which  at  P  in  the  commence- 
ment show  two  or  three  rapid  elancements.  At  K,  which  is  arti- 
culated further  back  in  the  mouth,  there  is  still  less  a  sudden  rise 
of  the  flame;  but  the  picture  begins  with  a  regular  rising  and 
falling  wave,  followed  by  a  few  rapidly  diminishing  ones  of  the 
same  form.  The  indentation  of  the  whole  picture  is  the  same 
as  in  P  and  T. 

If  we  utter  one  of  these  consonants  many  times  in  succession 
while  continually  turning  the  mirror,  we  rarely  see  the  picture 
well ;  it  is  therefore  better  to  place  the  mirror  so  that  the  flame 
shows  in  one  corner,  and  with  a  slight  turn  must  pas^s  over  its 

Phil.  May.  S.  4.  Vol.  45.  No.  297.  Jan.  !873.  C 


18  Dr.  A.  M.  Mayer  on  an  Acoustic  Pyrcmeter. 

whole  surface.  If  we  utter  the  consonant  only  at  the  moment 
of  making  this  movement  with  the  hand,  we  generally  succeed 
in  observing  the  most  interesting  part,  namely  the  commence- 
ment of  the  picture. 

To  pursue  these  experiments  further,  perhaps  it  would  be  ad- 
visable to  employ  a  mirror  placed  in  an  oblique  axis  on  which  it 
would  be  turned,  and  would  then  show  the  flame-picture  in  a 
continuous  circle  instead  of  broken  bands. 

The  voiceless  sibilants  F,  S,  and  CH  give  the  same  unsatisfac- 
tory result  as  the  whispered  vowels.  I  could  see  nothing  defined 
in  the  confused  dim  light-bands. 

[To  be  continued.] 

II.  On  an  Acoustic  Pyrometer.  By  Alfred  M.  Mayer, 
Ph.D.,  Member  of  the  National  Academy  of  Sciences,  Professor 
of  Physics  in  the  Stevens  Institute  of  Technology,  Hoboken, 
New  Jersey,  U.  S.  A.* 

[With  a  Plate.J 

HAVING  recently  devised  an  arrangement  of  apparatus 
(PI.  III.  fig.  7) — which  is  an  instrumental  simplification  of 
the  method  first  practised  by  Zoch  (Pogg.  Ann.  vol.  cxxviii.) — for 
measuring  the  number  of  acoustic  wave-lengths  contained  in  a 
given  tubet,  the  idea  occurred  to  me  that  I  could  use  the  method 
for  the  determination  of  the  variation  in  the  number  of  wave- 
lengths contained  in  this  tube  caused  by  a  change  in  the  tempera- 
ture of  the  air  which  it  contains,  and  thus  succeed  in  readily 
determining  any  temperature  to  which  the  tube  might  be  exposed. 
The  accuracy  of  this  (as  far  as  I  know)  entirely  new  method 
of  pyrometry,  and  the  facility  of  its  application,  can  be  judged  of 
by  the  following  discussion. 

The  formula  V  =  v/^-  (l  +  «0  —  gives  the  velocity  of 

sound  in  air  of  a  known  temperature.  This  formula,  as  is  well 
known,  is  n'duc(:d  numerically  to  V  =  333  v^  1  + -OO-'^C)?/ ;  in 
which  V  =  the  velocity  of  sound  at  the  teni|)eratiire  /  C(  iitiirradc, 
[y.V.^  =  the  velocity  of  sound,  in  metres,  at  0'  C,  and  OOiJt)/  is 
the  coclKtient  of  expansion  of  air  under  a  constant  pressure. 
We  will  suppose  tiiat  wc;  have  outside  of  the  furnace  whose  tem- 
perature vv('  would  dcterniinc,  an  1X4  orf;an-pipe,  and  thai  we 
liave  placed  o|i|)osite  its  mouth  an  rr^  resonator,  and  that  tulxs 

♦   (loiniimiiicatid  hy  the  Author. 

t  Seeniy  previous  luipcr  in  the  IMiih)S()|)hiriil  Mapiziiic  (N()\init)er  IS/ J), 
"  OiinMuthcidof  iUt«ctm(.'tlic  i'hii.Ms of  Vihriilioii  in  the  Airsnnonnilin),'  a 
SniinilinL'  Hoily,  and  tlicrcliy  incasnrin<j  dinclly  in  the  vil)ratinf:  uir  thr 
U-niTlli  of  its  Wan  8  mid  explorinjj  tlie  form  ol'  lis  Wuvc-surfuci'." 
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from  the  nodal  capsule  of  the  pipe  and  from  the  resonator  lead  to 
contiguous  gas-jets  placed  before  the  revolving  mirror.  We  will 
also  assume  that  the  air  in  and  around  the  organ-pipe  is  at  0"  C, 
and  that  the  serrations  of  the  tlaines  of  pipe  and  resonator  are, 
by  means  of  the  manometric  Hame-micrometer,  brought  to  coin- 
cidence when  13  metres  of  metal  tube,  connecting  the  resonator 
and  its  manometric  capsule,  are  placed  in  a  furnace  which  also 
has  the  temperature  of  0"  C.     Therefore  the  length  of  a  wave  in 

333 
the  furnace-tube  is  ^t";  =0'65  metre,  and  it  will  contain  twenty 

wave-lengths.  Now  gradually  raise  the  temperature  of  the  fur- 
nace to  8;20^  C.  As  the  temperature  rises,  we  shall  see  the  ser- 
rations of  the  resonator-flame  gradually  slide  over  those  of  the 
organ-pipe  flame;  and  when  the  temperature  has  reached  8:20°  C, 
we  shall  have  observed  that  the  serrations  of  the  resonator-flame 
have  glided  over  ten  times  the  distance  separating  the  centres  of 
two  contiguous  serrations  of  the  flame  of  the  organ-pipe ;  for  at 
820°  C.  the  air  in  the  furnace-tube  will  have  expanded  to  four 
times  its  volume  at  0^  C,  and  therefore 


(^^  333  V^l  + -00367  X  820  \  . 
V  512  )' 


it  will  contain  half  the  number  of  wave-lengths  it  did  when  at 
(f  C. ;  and  the  length  of  one  of  these  waves  in  the  tube  will  be 
1*3  metre. 

We  will  now  determine  the  limit  of  accuracy  of  the  method 
by  elevating  the  temperature  of  the  furnace  100^,  or  to  920  C. 
At  this  temperature  the  velocity  of  the  pulses  in  the  furnace- 
tube  will  equal  696"63  metres;  and  the  length  of  the  wave  at 
this  velocity  will  be  1"36  metre.  But  1"36  — 1'3  =  0"06  metre, 
the  difference  in  wave-length  produced  by  the  increase  in  tem- 
perature from  820°  to  920^,  and  suflicient  to  cause  the  serrations 
to  be  displaced  0-i6  of  the  distance  separating  the  centres  of  two 
contiguous  serrations  of  the  organ-pipe  flame.  But  by  means  of 
the  manometricrflame  micrometer*  one  tenth  of  this  displacement 
can  be  measured ;  therefore  we  can  measure  an  increase  of  10°  in 
temperature  above  820°. 

From  an  examination  of  the  well-established  formula  for  the 
determination  of  the  velocity  of  sound,  it  will  be  seen  that  the 
accuracy  of  our  determinations  of  furnace-temperature  will  depend 
only  on    the  precision  of   the  coefficient  "00307,  which  is  the 

*  See  my  previous  paper  in  the  Philosophical  Magazine,  "  On  a  Method 
of  detecting  the  Phases  of  Vibration  '"  &c.  In  this  pa])pr  I  give  the  credit 
of  the  suggestion  on  which  I  founded  my  micrometer  to  'SI.  Radaii,  but  I 
tind  that  it  is  due  to  Zoch  (Pogg.  Ann.  vol.  cxxviii.).  Uadan  mentions  it 
in  his  VAcoustiqne  without  giving  credit  to  the  inventor. 
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number  arrived  at  by  Magnus  and  Regnault  for  the  expansion  of 
air  under  a  constant  pressure ;  and  this  is  one  of  the  most  re- 
liable constants  we  have  in  physics.  Hence  the  accuracy  of  our 
measures  to  10^  C.  will  be  equal  to  those  of  the  air-thermometer, 
whose  indications  at  present  are  necessarily  received  as  our 
standards  of  thermometric  determinations. 

We  will  now  examine  the  relation  existing  between  tempera- 
tures and  wave-lengths.  I  here  give  two  Tables  :  the  first  con- 
tains the  velocities  of  sound  and  the  wave-lengths  of  the  note 
UT^  corresponding  to  temperatures  between  0"  C.  and  2000°  C. ; 
the  second,  those  corresponding  to  temperatures  between  0°  C. 
and  -272°-48  C. 


Temperatures. 

Velocities. 

1 
Wave-lengths. 

o 

metres. 

metre. 

(>C. 

333 

0-650 

100 

38i)-34 

0-760 

200 

438-53 

0-856 

aoo 

482-72 

0-942 

40(» 

523  14 

1-021 

500 

560-74 

1095 

600 

506-03 

1164 

7<)0 

629-04 

1-228 

800 

660  67 

1-290 

900 

690-77 

1-349 

1000 

7l9-(i4 

1-405 

1100 

747-38 

1-458 

1200 

77419 

1-512 

1300 

799-96 

1-562 

1400 

824-94 

1-611 

1500 

849-35 

1-658 

1600 

872-96 

1-705 

1700 

895-97 

1-748 

1800 

918-41 

1  793 

190() 

940-26 

1-836 

2000 

961-70 

1-878 

0 

333 

0650 

-  50 

30086 

0587 

-100 

26500 

0  517 

-L-iO 

223-14 

0435 

-200 

171-79 

0-335 

-250 

95-60 

0-186 

-272-48 

00(10 

0-000 

These  related  inimbers  I  have  |)rojcctcd  into  the  nccoinpanying 
curve  (I'i.  111.  fig.  8),  whose  abscisscU  arc  the  tciuperatures,  and 
whose  ordinates  are  the  wave-lengths.     This  curve,  which  is  the 

,  .    ,                        -,         333  ^/l  +~00-S67x    .         . ,      , 
graphical  expression  of  y= R12'~~ '   **  evidently  a 
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parabola,  since  it  has  the  form  i/=^ax;  and  y  will  equal  0  when 
X  has  receded  to  the  point  on  the  axis  of  abscissre  equal  to 
— 272°'48  C,  which  is  "the  absolute  zero^'  of  temperature. 

It  is  evident  that  this  curve  will  give  the  numerical  relations 
between  temperatures  and  the  wave-lengths  of  any  note  or  the 
velocities  of  sound  in  any  gas  by  merely  giving  different  nume- 
rical values  to  the  divisions  on  the  axis  of  ordinates. 

It  only  remains  to  give  the  simplest  formula  for  determining 
the  temperature  of  the  furnace  in  terms  of  the  observed  dis- 
placement of  the  resonator-serrations,  and  of  the  known  number 
of  wave-lengths  in  the  furnace-tube  at  the  temperature  t. 

Let  t   =  temp.  C.  of  the  air  in  and  around  the  organ-pipe, 
/'  =  „  „  the  furnace-tube, 

V  =  velocity  of  sound  at  temperature  /, 

^    —  >j  a  })  ''  ) 

I  =  number  of  wave-lengths  in  furnace-tube  at  temp,  t, 
d  =  observed  displacement  of  resonator-serrations  by  an 
elevation  of  temperature  ^' — t; 

then  /— fi?will  equal  the  number  of  wave-lengths  in  the  fur- 
nace-tube (allowance  made  for  elongation  of  tube  by  heat)  at 
temperature  /'.  As  the  velocity  of  sound  in  the  furnace-tube 
will  be  inversely  as  the  number  of  waves  it  contains,  it  follows 
that 

v':v::l:l-d; 
hence 

,_    vl 

but 
and 
hence 


V       =333  i/l+ -00367/, (Ij 

t/       =333  v/i  +^00367? ;      ....      (2) 
vl 


^-3^  =  333  v/l-f -00367/' (3) 

Reducing  equation  (3),  we  obtain 

which  gives  /'  in  terms  of  v,  I,  and  d.     Combining  equations  (1) 
and  (3),  we  obtain 

,_272-4S{2l^d)d+tl^ 

^ (7-7/y2       ' ^^^ 

which  gives  /'  in  terms  of  /,  </,  and  /.      Hut  as  v  has  to  be  calcu- 
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lated  in  order  to  obtain  I  in  equation  (5),  it  follows  that  equa- 
tion (4)  is  the  simpler  and  the  more  readily  worked  numerically. 
If  we  call  T  the  absolute  temperature  Centigrade,  then 

T  =  /'  + 272-48, 

and  equation  (4)  becomes 

Hmr^^' ('' 

in  which  equation  the  origin  of  coordinates  is  at  the  vertex  of 
the  parabola. 

This  paper  is  intended  only  to  give  a  general  account  of  the  new 
method  of  pyrometry  ;  and  therefore  1  have  not  touched  on  the 
details  of  apparatus  and  experiment.  These  I  will  present  in  a 
subsequent  communication,  in  which  accounts  of  actual  applica- 
tions of  the  method  will  be  given.  I  may,  however,  here  remark 
that  if  the  tube  in  the  furnace  is  13  metres  long  and  0*015  metre 
in  diameter,  it  can  be  coiled  into  a  spiral  0*5  metre  in  dia- 
meter, or  into  two  spirals  each  of  0*25  metre  diameter ;  or  the 
tube  can  be  bent  on  itself  several  times  and  thus  form  a  compact 
fascicle  of  tubing.  Also  the  tubing  should  ascend  from  the  re- 
sonator to  the  furnace-tube  and  descend  from  the  latter  to  the 
manometric  capsule,  so  that  the  rarefied  air  in  the  hot  tube  can- 
not enter  the  tubing  outside  of  the  furnace.  If  the  serrations 
of  the  manometric  flames  are  too  dim  to  be  readily  observed,  they 
can  be  rendered  distinctly  visible  even  in  broad  daylight  by  pass- 
ing the  gas  tbnmgh  a  glass  tube  containing  tow  saturated  with 
benzole.  I  have  thus  been  able  to  exhibit  these  phenomena  at 
night  to  an  audience  in  a  room  brightly  illuminated  with  many 
gas-jets.  We  can  also  make  the  vibrating  flames  brilliant  by 
sifting  into  them  the  fine  scrapings  of  lead-pencil. 

In  ascertaining  the  number  of  displacements  |)roduced  by  any 
elevation  of  temperature,  the  i'urnace-tube  is  slowly  moved  into 
the  furnace,  so  that  the  displacenants  of  the  resonator-serrations 
can  be  counted  as  the  tube  gradually  attains  the  highest  tempe- 
rature, when  the  serrations  become  stationary. 

October  12,  1872. 

The  render  is  requested  to  correct  tlie  followinj!;  errata  oecuniug  in  my 
piiper  "Oil  II  Method  of  detectiii}^  the  I'imses  of  \'ibriition  "  &e.,  Phil. 
Ai\^.  Nov.  1S72: — 

l'H^e32<J,  liae  10  iVoni  bottom,  /'o;  ventral  read  iio(hd. 
,,         „  1  .,  /'o/- ill  front  of  t't'U(/ behind. 
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III.   The  Chemistry  of  Sulphuric  Acid-manufacture. 
%  H.  A.  Smith*. 

IT  is  astonishing,  considering  the  importance  of  the  subject, 
how  little  the  chemistry  of  vitriol -manufacture  has  been 
inquired  into.  If  we  look  over  the  records  of  its  progress  for 
the  last  hundred  years,  as  embodied  in  the  specifications  of 
patents,  we  will  lind  that  the  fundamental  atoms  of  the  struc- 
ture remain  the  same,  and  that  it  is  merely  some  particular 
point  in  the  building  itself  which  has  been  improved  or  embel- 
lished. I  propose  in  this  and  succeeding  papers  to  make  a 
minute  inquiry  into  the  chemistry  of  this  manufacture,  and  to 
elucidate,  as  far  as  I  possibly  can,  the  various  laws  which  deter- 
mine the  combinations  and  decompositions  occurring  in  the 
actions,  and  the  causes  which  prevent  these  actions  taking  place. 

I  shall  not  in  these  papers  attempt  to  give,  even  on  a  general 
scale,  the  various  methods  which  have  been  used  for  the  pro- 
duction of  sulphurous  acid,  but  shall  take  as  the  starting- 
point  the  use  of  sulphur  for  this  purpose,  the  earliest  substance 
from  which  this  gas  was  obtained,  and  one  which  still  exists  as 
the  purest  source  of  all  our  vitriol-manufacture. 

The  subjects  treated  of  in  this  paper  are  : — 

Sect.  1.  An  experimental  examination  into  the  causes  ivhich 
detei'mine  the  action,  inter  se,  of  the  gases  in  the  lead  chamber. 

Sect.  2.  The  distribution  of  the  gases  in  the  lead  chamber  ;  and 
following  from  this. 

An  inquiry  into  the  best  form  of  chamber  to  be  used  in  the 
manufacture  of  sulphuric  acid. 

I  hope  to  treat  in  another  paper  of  the  distribution  of  heat 
in  the  lead  chamber,  and  also  of  one  or  two  subjects  intimately 
connected  with  this  manufacture. 

Section  I. — An  experimental  examination  of  the  circumstances 
which  determine  the  action,  inter  se,  of  the  gases  in  the  lead 
chamber. 

This  inquiry  was  entered  into  in  the  Lopes  of  being  able  to 
throw  some  light  on  the  interior  economy  of  the  lead  chamber,  as 
at  present  used  in  the  manufacture  of  sulphuric  acid.  Although 
the  method  ordinarily  employed  to  show  the  theory  of  the 
formation  of  this  acid  is  a  very  good  one,  yet  there  are  nu- 
merous points  which  cannot  be  shown,  and  which  can  only 
be  pointed  out  through  the  agency  of  chemical  analysis. 

No  one  has  yet  attempted  to  do  this  minutely;  and  our 
knowledge  of  the  phenomena  of  alkali-inanulacture  is  in  many 

*  Coiuumnicatcd  Ijy  tlio  Autli<jr. 
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respects  very  much  behindhand.  Experiments  have  certainly 
been  made,  and  great  successes  have  been  achieved  on  all  sides ; 
but  these  have  tended  more  to  broad  generalizations  than  to 
exact  chemical  facts — to  the  manufacturing,  not  to  the  scientific 
side  of  the  question.  The  interior  of  the  lead  chamber  is 
comparatively  an  unknown  land  to  us.  Lowthian  Bell  has 
lately  traced  the  actions  occumng  in  his  blast  furnace  through 
every  stage,  from  the  bottom  to  the  top,  in  a  series  of  most 
laborious  experiments;  but  no  one  has  yet  done  this  with  the 
sulphuric  acid-chamber.  I  now  venture  to  hope  that  this  very 
limited  attempt  to  at  least  commence  such  an  investigation 
may  be  of  interest,  not  only  to  those  engaged  in  the  manu- 
facture, but  to  those  who  only  look  at  it  from  a  scientific 
point  of  view. 

In  observing  the  theory  of  the  manufacture  of  sulphuric  acid, 
there  were  many  points  which  it  struck  me  would  well  repay  a 
closer  examination.  It  is  well  known  that  when  sulphurous  acid 
comes  into  contact  with  one  of  the  high  oxides  of  nitrogen,  it 
deprives  it  of  its  oxygen,  provided  the  contact  takes  place  in  the 
presence  of  steam.  But  there  are  many  causes  which  prevent 
this  action ;  and  it  is  not  an  uncommon  thing  to  see  this  experi- 
ment fail. 

If  the  heat  of  the  vessel  in  which  the  combination  is  to  take 
place  be  too  high,  or  if  it  be  not  high  enough,  the  result  will  be 
failure.  And  so  in  practice :  every  manufacturer  knows  how 
careful  he  must  be  in  regulating  the  amount  of  steam  he  throws 
into  his  chamber ;  otherwise  he  finds  a  great  amount  of  sulphu- 
rous acid  escaping  into  the  atmosphere,  a  larger  amouut  of 
nitrous  fumes  in  the  acid  from  his  Gay-Lussac  Tower,  and  a 
smaller  yield  of  vitriol. 

It  is  into  the  laws  which  regulate  the  combination  of  those 
gases  that  I  wish  to  inquire ;  and  I  have  tried  to  do  so,  first,  by 
individual  experiment,  and  then  by  a  careful  examination  of  the 
lead  chamber  in  which  the  action  takes  place. 

On  the  Action  of  Sulphurous  Acid  Gas  upon  Nitric  Acid  Gas. 

Although  we  arc  indebted  to  the  labours  of  Clement,  Des- 
ornies,  Davy,  I)e  la  I'rovostaye,  and  otliers  for  the  light  which 
has  been  thrown  upon  the  theory  of  this  action,  so  far  as  it 
relates  to  sulphuric  acid  nianufactuie,  yet  1  tniht  I  may  be 
excused  for  bringing  forward  results  which  diiler  in  some  degree 
from  those  of  the  ahove-mcntioned  workers. 

It  is  generally  understood  at  the  ])rescnt  day  that  no  action 
can  take  place  between  drtj  sulj)hurou8  acid  and  nitric  acid 
gases  when   brought  together  in   the   same  vessel  ;  and   in  all 
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chemical  treatises  this  fact  is  distinctly  stated.  Thus  Miller, 
in  his  'Elements  of  Chemistry/  speaking  of  the  theory  of  the 
manufacture  of  sulphuric  acid,  says  : — "  Direct  combination, 
however,  cannot  be  produced  between  the  two  gases  (oxygen  and 
sulphurous  acid) ;  the  intervention  of  a  third  substance  becomes 
necessary,  and  if  water  be  presented  to  them  a  very  gradual  pro- 
cess of  oxidation  occurs." 

Gmelin  also,  in  his  '  Handbook  of  Chemistry,'  observes  : — 
"  A  dry  mixture  of  two  measures  of  sulphurous  acid  gas  and  one 
measure  of  oxygen  remains  unaltered ;  but  if  water  be  present,  a 
very  gradual  condensation  takes  place,  and  sulphuric  acid  is 
produced/'  The  results  arrived  at  by  different  observers  may 
be  summed  up  in  the  deduction  from  the  above  paragraphs — 
namely.  That  no  action  can  take  place  between  these  two  gases 
without  the  intervention  of  ivater,  either  in  the  liquid  or  gaseous 
state. 

It  was  with  the  intention  of  inquiring  more  closely  into  this 
that  the  following  experiments  were  made ;  and  the  conclusion 
I  come  to,  and  which  I  hope  to  clearly  demonstrate  in  this 
paper,  is  the  very  reverse  of  that  generally  admitted — That 
action  does  take  place  between  the  dry  gases  under  certain  con- 
ditions. 

As  I  was  anxious  to  have  the  gases  in  as  similar  a  condition 
as  possible  to  those  in  the  lead  chamber,  the  sulphurous  acid 
was  made  from  burning  sulphur,  the  nitric  acid  being  prepared 
from  nitrate  of  soda  by  the  action  of  sulphuric  acid,  whilst  the 
air  employed  was  first  carefully  dried  by  passing  through  sul- 
phuric acid  and  caustic  potash,  every  care  being  taken  to  prevent 
the  presence  of  even  the  smallest  amount  of  moisture. 

Exp.  I.  When  dry  sulphurous  acid  and  nitric  acid  in  the 
gaseous  form  are  brought  into  contact  in  a  perfectly  dry  glass 
vessel,  which  is  then  hermetically  sealed,  there  is  apparently  no 
action  (for  this  experiment  I  used  a  vessel  of  the  following 
shape) ;  but  if  this  mixture,  after  being  allowed 
to  stand  for  ten  or  twelve  days,  be  then  opened,  ^\^^^x 
and  the    remaining   gases    expelled,   it  is  found  *<_^^^^ 

that  a  decided,  though  small  amount  of  sulphuric 
acid  has  been  formed  over  the  sides  of  the  glass  vessel,  and  may 
be  seen  in  the  condition  of  white  crystals,  soluble  in  water,  and 
behaving  in  all  respects  as  sulphuric  acid.  There  are  many 
things  which  will  prevent  this  formation,  and  which  I  intend 
noticing  further  on,  such  as  temperature  &c.  This  result,  how- 
ever, is  greatly  hastened  by  the  addition  of  a  single  drop  of 
water  on  the  end  of  a  fine  platinum  wire. 

The  conclusion  one  was  apt  to  arrive  at  was  that  these  crys- 
tals were  merely  the  ordinary  chamber  crystals ;  but  I  was  led 
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to  doubt  this  from  various  circumstances.  In  the  first  place, 
they  seemed  to  differ  from  the  chamber  crystals  in  form,  these 
partaking  more  of  the  needle-shaped  form  of  the  crystals  of 
sulphuric  acid ;  and  also,  when  exposed  to  the  air,  they  remained 
a  long  time  (several  days  in  fact)  without  change.  This  shov/s 
they  are  not  the  same  as  the  chamber  crystals.  Again,  when 
they  were  brought  into  contact  with  water,  they  dissolved 
without  the  evolution  of  nitrous  fumes,  from  which  we  may 
fairly  conclude  that  they  were  crystals  of  sulphuric  anhydride. 

I  had  long  been  inclined  to  take  a  different  view  of  the 
cause  of  this  action  from  that  generally  accepted.  It  seemed  to 
me,  in  all  its  phases,  to  resemble  the  action  of  a  small  piece 
of  leaven  in  a  loaf  of  unleavened  bread,  or  the  action  of  a 
minute  crystal  dropped  into  a  supersaturated  solution  of  a 
salt,  which  immediately  causes  the  solidification  of  the  whole 
liquid.  The  action  only  requires  to  be  connueuced,  and  it 
then  continues  till  the  whole  of  the  attainable  oxygen  has 
been  made  use  of.  This  action,  if  quickened  at  all,  is  only 
slightly  so,  by  the  further  addition  of  steam. 

Exp.  II.  If,  again,  instead  of  inserting  a  drop  of  water  into 
the  vessel  in  which  the  gases  are  confined,  it  be  surrounded 
with  a  coating  of  ice,  the  same  effect  takes  place,  a  much 
longer  time,  however,  being  required. 

Exp.  III.  The  same  end  can  also  be  attained  by  the  sudden 
application  of  heat. 

These  results  then  led  me  to  judge  of  the  action  as  I  have 
said,  showing  that  the  sulphurous  acid  is  able  to  deprive  the 
nitric  acid  of  some  of  its  oxygen  without  the  intervention  of 
steam,  a  medium  which  has  hitherto  been  considered  neces- 
sary. 

It  has  been  shown  that  a  very  small  amount  of  water  can 
cause  the  action  to  commence.  The  next  experiment  tried  was 
to  find  what  effect  water  |)resent  in  a  large  quantity  hud  ujjon 
the  formation  of  the  acid. 

Exp.  IV.  A  mixture;  of  two  volumes  of  steam  to  one  of  the 
mixed  gases  was  put  into  a  glass  vessel  and  allowed  to  stand 
twenty-four  hours  (the  gases  being  mixed  in  requisite  propor- 
tion).    The  same  amount 

{Exp.  V.)  of  the  mixed  gases  was  passed  into  a  similar  vessel, 
but  into  which  no  air  was  allowcti  to  enttT,  to  see  if  any 
action  could  take  place  in  its  absence;  ami  the  water  was  pre- 
sented to  the  ga,s<:s  in  the  licjuid  condition  on  a  platinum 
wire,  and  allowed  to  stand  the  same  length  of  time.  At  the 
end  of  tlic  Innc  the  rtsnlls  were  : — 
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Acid  produced,  cal- 
culated to  percentage. 


Exp.  IV.      ...     66  per  cent. 
Exp.  V 93       „ 

a  certain  amount  of  nitric  acid  still  remaining  untouched.  In 
both  cases,  however,  the  result,  in  appearance,  was  a  complete 
combination.  Still,  on  examination,  a  large  amount  of  nitric 
acid  was  found  in  solution  in  water  in  No.  1  (Exp.  IV). 

Exp.  VI.  Equal  volumes  of  steam  and  mixed  gases  were  then 
tried,  and  the  result  on  examination  gave — 

Acid  produced,  cal- 
culated to  percentage. 

Exp.  VI.     .     .     .     74  per  cent. 

From  these  experiments,  then,  I  considered  myself  justified 
in  adopting  the  theory  of  the  leavening  nature  of  the  action 
taking  place. 

It  is  also  evident  that  the  volume  of  steam  introduced  should 
be  less  than  the  combined  volumes  of  the  two  gases.  But  let 
us  take  another  case.  Suppose  the  temperature  of  the  vessel  in 
which  the  experiment  is  to  take  place  be  raised  to  100°  C,  or 
kept  in  boiling  water,  the  results  are  found  to  differ  in  every 
case. 

Exp.  VII.,  VIII.,  IX.  Taking  the  same  volumes  as  above, 
I  find  the  different  yields  of  acid  to  be  thus : — 

Acid  produced,  calcu- 
£zp.  lated  to  percentage.  Exp.  above. 

VII 86*7  corresponding  to  IV. 

VIIL     .     .     .     24-5  „         „        V. 

IX 80-2  „         „        VI. 

Here,  then,  is  quite  another  phase  opened  up  to  us  :  tempera- 
ture has  a  great  deal  to  do  with  the  action  taking  place ;  and 
as  the  result  of  many  experiments,  I  find  that  its  influence  may 
be  embodied  in  the  general  rule,  that  "  The  higher  the  tempera- 
ture the  more  steam  required." 

The  foregoing  results  thus  show  the  action  occurring  when 
nitric  acid  gas  is  brought  into  contact  with  sulphurous  acid  gas 
both  with  and  without  the  presence  of  steam.  The  next  question 
to  be  solved  is,  In  what  part  of  the  vessel  does  most  action 
take  place  ? 

Most  persons  who  have  attended  chemical  lectures  are  familiar 
with  the  method  employed  to  illustrate  the  foruiatiun  of  sul- 
phuric acid.     The  mixed  gases  of  sulphurous  and  nitric  acids 
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are  brought  together  in  a  large  globe,  and  steam  is  then  intro- 
duced. Ruddy  fumes  are  first  formed  ;  then  a  crystalline  deposit 
takes  place  ;  and  soon  the  atmosphere  in  the  globe  becomes 
white  in  colour.  But  on  close  examination  another  peculiarity  is 
seen  in  the  vessel ;  and  that  is,  that  near  to  the  deposit,  and  long 
after  the  ruddiness  has  apparently  disappeared,  a  very  small 
narrow  baud  of  red  fumes  is  noticed  wherever  the  crystallization 
has  taken  place.  This,  then,  led  to  the  question  being  asked. 
Does  not  a  greater  formation  of  acid  take  place  when  some  acid 
previously  formed  is  present  ?  and  this  question  was  attempted 
to  be  answered  by  the  following  experiments. 

Exp.  X.  A  layer  of  sulphuric  acid  from  which  all  moisture 
had  been  expelled  by  long  boiling,  and  which  had  been  pre- 
viously carefully  weighed,  was  laid  in  the  bottom  of  the  vessel, 
and  the  gases  allowed  to  enter,  steam  being  excluded.  The  gas 
at  the  upper  part  of  the  vessel  became  almost  immediately 
nearly  white  ;  but  a  strong  and  long-continued  action  seemed  to 
be  taking  place  at  the  bottom,  near  the  surface  of  the  sulphuric 
acid,  no  apparent  action  being  noticed  towards  the  top.  On 
examination  no  sulphurous  acid  was  found,  whilst  the  weight  of 
acid  originally  present  had  greatly  increased.  (In  this  experiment, 
as  in  the  former,  the  vessel  was  allowed  to  stand  twenty-four 
hours.)  This  seemed  to  answer  the  question,  especially  as  on 
many  repetitions  the  same  results  were  obtained. 

I  felt  these  perfectly  satisfactoiy  as  laboratory  experiments. 
Some  had  now  to  be  attempted  on  a  large  scale ;  and  through 
the  kindness  of  an  acid-manufacturer  I  was  enabled  to  make 
the  desired  trials  ;  but  as  in  every  case  I  sustained  signal  defeat, 
being  neither  able  to  cool  the  chamber  suthciently  nor  raise  it 
to  the  required  temperature,  I  found  I  must,  after  many  dis- 
appointments, rest  satisfied  (as  many  have  found  themselves 
ol/liired  to  do)  with  a  knowledge  of  the  fact  that  what  appears 
perfect  in  the  laboratory  will  not  bear  the  crucial  test  of  manu- 
facture ! 

1  still  felt  satisfied  that  I  had  proved  the  drawback  to  this  to 
be  want  of  control  over  the  unwieldiness  of  the  chamber.  But 
one  fact  came  out  very  strongly — that  if  I  wished  a  good  yield  of 
acid,  llie  increase  of  steam  must  be  in  proportion  to  the  increase  of 
lempcrnlnre. 

The  |)oint  which  next  chiimed  my  attention  on  the  manufac- 
turing scale  was  the  (|U('stioii,  In  wiiat  part  of  the  chamber 
(loe.s  the  greatest  formation  of  acid  take  |)lacc  ? 

This  investigation  resolves  itself  into  two  separate  ones: — 

1.  The  distribution  of  gases  in  the  lead  chamber. 

2.  The  distribution  of  lieat  in  the  lead  rhambcr. 

The  answer  to  the  lirst  of  these  embodies  almost  necessarily 
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the  much  vexed  question  regarding  the  best  form  of  chamber 
for  use  in  the  manufacture  of  sulphuric  acid. 

Section  II.  On  the  Distribution  of  Gases  in  the  Lead  Chamber, 
and  also  an  inquiry  into  the  best  form  of  chamber  to  be  used  in 
the  manufacture  of  Sulphuric  Acid. 

In  the  preceding  page  the  following  observation  is  made 
when  speaking  of  the  laboratory  method  of  showing  the  theory 
of  sulphuric  acid-manufacture : — '*  iNear  to  the  deposit,  and 
long  after  the  ruddiness  has  apparently  disappeared,  a  very 
small  narrow  band  of  red  fumes  is  noticed  wherever  the  crys- 
tallization has  taken  place."  This,  then,  when  taken  into  con- 
sideration along  with  exp.  X.  in  the  same  section,  tended  to  lead 
me  to  the  belief  that  the  greatest  amount  of  condensation  takes 
place  at  the  bottom  of  the  chamber,  near  the  surface  of  any  sul- 
phuric acid  which  has  been  already  formed,  and  that  the  upper 
portion  of  the  chamber  is  of  use  principally  as  a  reservoir  for  the 
gases ;  so  that  if,  instead  of  having  a  long  hi(jh  chamber,  one 
that  was  long  but  of  low  height  were  to  be  used,  the  same  pur- 
pose would  be  answered  to  a  greater  degree,  and  the  expense  of 
chamber-building  greatly  reduced.  It  was  with  the  intention  of 
proving  or  disproving  the  truth  of  this  theory  that  the  following 
investigation  was  undertaken.  The  size  of  chamber  used  was 
about  140  feet  in  length  by  30  high  and  25  wide.  The  gases 
were  introduced  at  the  end  of  the  chamber  through  an  iron  pipe 
12  feet  long  by  3^  in  diameter — the  chamber-draft  very  mode- 
rate— steam  injected  at  three  points  in  the  side  and  along  with 
the  gases  at  the  end.  In  order  to  have  a  definite  plan  of  pro- 
ceeding, I  took  specimens  of  chamber  air  at  every  10  feet  along 
its  length,  15  feet  from  the  bottom — and  also  specimens  at  the 
same  distances  at  3  feet  from  the  bottom, — thus  having 

14  analyses,  chamber  air  at  15  feet 
and 

1*  »  »  3    „ 

the  first  being  in  reality  a  bisection  of  the  chamber  along  its 
length. 

The  gases  of  which  the  percentages  were  obtained  were  sul- 
phurous, sulphuric,  and  nitric  acids. 

Before  giving  my  own  results,  1  should  be  glad  if  I  could 
quote  those  of  any  other  observer ;  but  I  am  unaware  of  any 
work  having  been  done  on  this  subject;  so  that  the  following 
observations  may  be  interesting  from  their  newness. 
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Sulphurous  Acid. 

Taking,  then,  in  the  first  place,  sulphurous  acid,  I  will  show 
first  its  distribution  in  the  chamber,  then  take  the  two  others  in 
the  order  given  above. 

As  is  naturally  expected,  the  largest  amount  of  sulphurous 
acid  is  present  at  the  entrance  to  the  chamber;  but  dispersion 
takes  place  very  rapidly  indeed,  so  that  each  10  feet  makes  a 
decided  change  in  the  percentage  of  acid  present. 

The  amount  of  sulphurous  acid  present  at  a  distance  of  10 
feet  from  end  of  chamber  is  equal  to  72  per  cent.,  continuing 
the  same  till  about  20  feet  from  end.  There  is  then  a  rapid  fall 
to  40  per  cent,  at  30  feet,  falling  rapidly  still,  till  at  40  feet  from 
end  the  amount  only  equals  31  to  33  per  cent.  After  this  the 
variations  are  not  so  remarkable ;  the  amount  of  sulphurous  acid, 
however,  becomes  gradually  less,  and  less  till  its  lowest  point  is 
reached  at  120  feet  from  entrance,  when  13  per  cent,  is  the 
amount  present.  These  analyses  were  made  at  15  feet  from 
bottom  of  chamber.  In  those  made  at  3  feet  from  bottom  the 
variations  are  not  so  sudden.  At  10  feet  from  entrance  the 
amount  present  is  3  per  cent. ;  this  rises  rapidly,  till  at  40  feet 
from  end  it  attains  its  maximum  and  29  per  cent,  of  acid.  It  is 
now  at  its  highest  point;  and  from  this  it  begins  to  descend  very 
gradually,  till  at  130  feet  it  falls  to  8  per  ccut.,  and  near  its 
exit  rises  to  1(5  per  cent. 

The  following  diagrams  will  show  this  variation  more  plainly. 
The  numbers  along  the  top  indicate  the  length  of  the  chamber 
divided  into  distances  of  10  feet  each ;  those  down  the  side  of 
Diagram  la  the  percentage  of  acid  present. 

Diagram  lb. 
Length  of  chamber  in  feet, 
ntrance.)      10^  20     30     40     60     60     70     80     90     100    110    120   130    140      (Exit.) 

1 5  feet  in 
height. 

3  feet  in 
height. 

(Exit.) 
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20 
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13 

8 

16 

ntrance.)       10     20     30     40 


60     60     70     80     90     100    110    120    130    140 

Lcngtli  of  chamber  in  feet. 


The  figures  in  the  divisions  of  the  al}ovc  diagram  represent 
the  percentages  of  .sujpiniroiis  acid  corresponding  to  diagram  In. 

The  nnmliers  "  3  |)cr  cent."  &c.  represent  the  percentage  of 
iieid  at  3  fee-t  fioni  l)ottoin  of  chamber. 

TIk-  number.'*  "72  percent."  &c.  n^jircsent  the  percentage  of 
acid  at  15  feet  from  bottom  of  chamber. 
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Diagram  la. 


10       2i)      30       to 


Feet  in  length. 
;»       fiO      70       SO      f'O      100   110     12(t     i:50    140 


10      20 


GO      70      80 
Feet   in  Iciigtli 


i>o    100  no  120    i;50    140 


In  this  diagram  the  dotted  line  irpresents  the  amount  of  ncid 
at  3  feet  from  bottom  of  chaml>er.  •,.,-.•.<■ 

The  white  Ime  represents  the  amount  of  aeid  at  I;)  leet  Irom 
bottom  ol'  ehamber. 
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Or  if  we  take  the  following  Proportional  Tables,  we  shall  see 
the  variations  (numerical)  more  plainly. 


No.  I.  At  15  feet  height. 

Feet  from  end  of  chamber. 
120     =1 
1301       ,   . 
140_|=1'^ 
801       ,  ^ 

ioo)=i' 

110  =1-8 
50  =1-9 
60     =2 


No. 


II.  At  3  feet  height. 


Feet  from  end  of  chamber. 


90  /      ~  ' 

I     =2-1 

n     ... 


40  =2-5 
30  =3-5 
20 
10 


10 

=  1 

20  \ 
130  J 

=  2-6 

120 

=  4-3 

110 

=  4-6 

30  \ 
140/ 

=  5-3 

90  1 
100  1 

=  5-6 

60 

=  6 

70 

=  6-3 

80 

=  6-6 

50 

=  9-3 

40 

=  9-6 

In  looking  over  Diagram  I  a,  it  may  be  noticed  that  there  are 
three  distinct  falls  in  the  percentage  of  acid,  and  after  each  there 
is  again  a  slight  rise.  It  may  be  interesting  to  remark  that 
almost  exactly  at  those  parts  were  the  points  at  which  steam  was 
thrown  into  the  chamber.  The  falls  are  at  20  feet,  70  feet,  and 
110  feet  respectively,  steam  being  injected  at  20  feet,  65  feet, 
and  110  feet. 

The  tremendous  fall  occurring  from  20  feet  to  40  feet  may 
be  accounted  for  by  the  great  amount  of  steam  entering  the 
chamber  at  this  point — as  not  only  was  it  entering  at  20  feet, 
but  also,  along  with  the  gases,  at  a  little  below  the  large  iron  pipe 
at  the  end  of  the  chamber ;  so  that  the  steam  absorbs  a  large 
amount  of  the  hot  sulj)hurous  acid. 

In  the  analyses  at  3  feet  these  falls  are  not  so  noticeable,  are 
indeed  not  so  great,  the  acid  here  being  out  of  the  immediate 
actictn  ot  the  steam.  In  these  experiments  the  temperature  of 
the  chamber  was  kept  as  low  as  possible,  and  the  amount  of 
steam  allowed  to  go  into  the  chamber  was,  as  far  as  could  be 
determined,  almost  one  quarter  tin;  volume  of  the  mixed  gases. 
This,  then,  tends  so  far  to  show,  what  I  jireviously  imagined, 
that  the  upper  portion  of  the  chamber  was  of  use  prineipally  as 
a  reservoir  for  the  sulphurous  iieid,  allowing  it  to  descend  as  it 
was  required  to  tjie  lower  or  working  portion.  This  was  also 
tried  in  another  way. 
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The  ordinary  funnel-shaped  collector  usually  placed  in  the 
chamber^  and  which  communicates  with  a  small  leaden  jar  on 
the  outside,  by  which  a  manufacturer  gets  an  idea  of  the  strength 
and  make  of  his  acid,  was  brought  into  use.  Instead  of  being, 
as  usual,  placed  about  8  feet  from  the  bottom  of  the  chamber,  it 
was  in  this  case  placed  about  16  feet  high,  and  the  amount  of 
sulphuric  acid  formed  was  carefully  observed. 

In  this  case,  after  standing  nine  days,  only  y"^  of  an  inch  of 
acid  had  formed,  whilst  at  the  height  of  4  feet  the  make  of  acid 
was  regular  and  fairly  large. 

In  the  former  case  (at  16  feet)  sulphurous  acid  was  continu- 
ously escaping,  whilst  the  amount  in  the  latter  was  merely  tri- 
lling.   This,  then,  was  a  very  fair  proof  of  the  truth  of  my  tlieory. 

Sulphuric  Acid. 

Passing  from  the  sulphurous  to  the  sulphuric  acid,  I  find  the 
diagram  of  percentage  in  the  latter  a  very  strange  one.  At  10 
feet  from  the  point  of  entrance,  where  0  is  the  percentage  of 
acid,  to  140  feet  the  variation  at  15  feet  in  height  is  very  trilling. 
The  highest  amount  is  reached  at  50  feet,  showing  there  only 
23  per  cent.  But  at  3  feet  the  analyses  present  a  more  extra- 
ordinary difference  than  that  of  Diagram  I. 

Beginning  again  at  10  feet  from  entrance,  I  find  the  amount 
of  acid  to  be  equal  to  81  per  cent. ;  then  a  sudden  rise  brings  it 
to  89  per  cent.,  this  being  the  maximum;  then  comes  a  most 
rapid  and  continuous  fall,  till  at  100  feet  the  amount  is  30  per 
cent.,  and  remains  nearly  at  this  to  the  end  of  the  chamber. 

The  following  diagrams  will  show  the  variations. 

[Diagram  II o,  see  p.  34.] 


Diagram  lib. 

Length  of  cliamher,  in  feet. 

i;trance.) 

10     20     30     40     50     fiO     70     80     90    100    110    120    130   140 

(Exit.) 

feet  in  \ 
leight.  J 

p.'c. 
0 

V 

p.C. 

6 

p.C. 

18 

p.c. 
23 

p.C. 

20 

p.C. 

18 

p.C. 

p.c. 
19 

p.C. 

12 

p.C. 

12 

V- 

p.C. 

7 

p.C. 

10 

r  15  feet  in 
\   height. 

;et  in    T 
ight.     / 

p.C. 

8i 

p.C. 

89 

p.C. 

76 

p.C. 

70 

p.C. 

68 

p.C. 

67 

p.C. 

60 

p.C. 

56 

p.C. 

48 

p.C. 

30 

p.C. 

38 

p.C. 

30 

p.C. 

36 

p.C. 

33 

r  3  feet  in 

\  height. 

itrance.)     10     20     30     40     50     00      70     80     90    100    llO    l:;0    130    NO    (Rxit.) 
Length  of  chamber,  in  feet. 

The  figures  in  the  divisions  of  the  above  diagram  rci)resent 
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Diagram  II o. 

Feet  in  length. 
60      70       80      90     KK)     110    120    130    140 


M)      IdO    llu    l-'<i    i;i'>    l»" 


Feci  in  kngtli. 
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the  percentages  of  sulphuric  acid,  corresponding  to  the  lines  in 
Diagram  II«. 

The  numbers  "  0  per  cent."  &c.  represent  the  percentage  of 
acid  at  15  feet  from  bottom  of  chamber. 

The  numbers  "8i  per  cent."  &c.  represent  the  percentage  of 
acid  at  3  feet  from  bottom  of  chamber. 

In  Diagram  \\a,  as  in  Diagram  \a,  the  top  figures  denote 
the  length  of  the  chamber  divided  into  spaces  of  10  feet  each, 
whilst  the  side  figures  denote  the  percentage  of  acid  present. 

The  dotted  line  represents  the  amount  of  acid  at  3  feet  from 
bottom  of  chamber. 

The  white  line  represents  the  amount  of  acid  at  15  feet  from 
bottom  of  chamber. 

On  comparing  this  with  Diagram  I  a,  the  similarity  is  very 
striking.  It  is  only  required  to  place  the  white  line  in  Diagram  I. 
on  the  dotted  line  in  Diagram  II.,  and  vice  versa.  In  No.  I. 
the  greatest  amount  of  sulphurous  acid  is  at  the  top  of  the  cham- 
ber, and  the  smallest  amount  at  the  bottom.  In  No.  II.  the 
largest  amount  of  sulphuric  acid  is  at  the  bottom  of  the  chamber, 
whilst  the  smallest  amount  is  at  the  top. 


No. 


Proportional  Tables  for  Diagrams  II. 
I.  At  15  feet  height. 


from  end  of  chamber 

30 

=  JL 

120"! 
130J 

=  1-2 

140 

=  1-7 

100\ 
llOJ 

=  2 

80 

=  2-7 

40  \ 
70_r 

=  3 

90 

=  3-2 

60 

=  3-3 

50 

=  3-7 

10\ 

20  r 

=  0 

No.  II.  At  3  feet  height. 
Feet  from  end  of  chamber. 

100  i 

120/      ^ 
140     =M 
1101  _!.., 
130J  ~^" 

90     =1-6 

80     =1-8 

70     =2 

50/  -  ^  ^ 
40  =:2-3 
30  =2-5 
10  =2-7 
20     =2-9 


Nitric  Acid. 

The  variations  in  the  percentage  of  nitric  acid  are  not  very 
great,  being  only  between  3  j)er  cent,  and  26  per  cent.,  these 
being  the  maximum  and  mininmm  amounts.  It  attains  its 
greatest  height  at  100  and  110  feet  from  end  of  chamber,  and 
then  sinks  very  rapidly  down  to  3  per  cent,  at  140  feet. 

D2 
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The  figures  and  lines  are  similar  to  those  in  the  preceding 
diagrams. 

The  dotted  line  represents  the  amount  of  acid  at  3  feet  from 
bottom  of  chamber. 

The  white  line  represents  the  amount  of  acid  at  15  feet  from 
bottom  of  chamber. 

Diagram  Ilia. 

Length  of  chamber,  in  feet. 
10      20      30      40     .50       fiO      70      80      90     100    110    120    130     140 
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Diagram  III  i. 

Length  of  chamber,  in  feet. 
(Entrance.)    10     20     30     40     50     60     70     80     90    100    110    120    130    140   (Exit.) 
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(Entrance.)  "Ttr"20     30     40     50     6U     70     80     90    100    110    120    130    140   (Exit.) 

Length  of  chamber,  in  feet. 

The  figures  in  the  divisions  of  tlx-  above  diagram  represent 
the  percentages  of  nitric  acid,  corresponding  to  the  lines  in  Dia- 
gram I1I«. 

The  numbers  "  8  per  cent."  &c.  represent  the  percentage  of 
acid  at  3  feet  from  bottom  of  chatriber. 


I.  At  15 

feet  height. 

120        : 

=  1 

130\ 
140J 

=  2 

60  \ 
110/" 

=  2-3 

dO 

=  2-7 

30  "^ 

40/ 

=  4-3 

70 1 
80  J 

=  4-7 

90 

=  5-3 

20 

=  6 

100 

=  6-7 

10 

=  8-3 
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The  numbers  "25  per  cent."  &c.  represent  the  percentage  of 
acid  at  15  feet  from  l)ottoni  of  chamber. 

1  also  give  the  following  Proportional  Tables  for  Diagrams  III. 

No.  I.  At  15  feet  height.  No.  II.  At  3  feet  height. 

140  [      ^ 

-^^t-1-3 
50/-^^ 

30     =2 

101  _o.7 

70;  —  ^ 

130/ ~* 
120     =5 

80     =5-7 

90     =6-7 

100\     «- 

110/=^^ 

We  have  now  before  us  results  which  may  assist  us  in  coming 
to  some  conclusion  regarding  the  most  useful  form  of  chamber. 
We  have  seen  that  the  chamber  must  be  divided  into  two  parts 
— the  working  portion,  and  the  reservoir  (so  to  speak)  for  the 
gases.  If,  then,  instead  of  employing  this  reservoir  we  lowered 
the  height  of  the  chamber  and  extended  its  length,  we  should 
have  a  greater  condensing  surface,  as  we  have  seen  that  the 
greater  amount  of  acid  condenses  near  the  surface  of  already 
formed  sulphuric  acid.  We  should  also  have  a  form  of  chamber 
better  adapted  for  getting  a  good  draught.  It  would  not  be  at 
all  difficult  for  manufacturers  to  have  a  Table  drawn  up  for  the 
manager  of  their  chambers,  showing  him  the  amounts  of  steam 
necessary  to  be  thrown  into  the  chamber  according  to  the  in- 
crease or  diminution  of  temperature;  they  would  thus  have  a 
great  saving,  both  in  the  amount  of  gas  escaping  useless  to 
the  chimney,  and  also  in  the  amount  of  acid  manufactured.  I 
hope  soon  to  show  the  temperature  at  which  the  greatest  amount 
of  action  takes  place  between  the  gases  in  the  chamber,  but 
would  merely  mention  that  it  is  of  the  greatest  consequence  to 
the  manufacturer  to  take  particular  notice  of  the  temperatures  of 
his  chamber,  as  upon  the  successful  management  of  this  depends 
in  a  vei-y  great  degree  the  yield  of  acid,  and  also  that  trouble  to 
all  manufacturers,  the  tiowering  of  the  sulphur  in  the  acid. 


[To  be  continued.] 


[     38     ] 

IV.  On  the  Definition  of  Intensity  in  the  Theories  of  Light 
and  Sound.  By  Robert  Moon,  M.A.,  Honorary  Fellow  of 
Queen's  College,  Cambridge*. 

MR.  BOSANQUET  appears  to  thrnkf  that  in  my  paper  in 
the  Philosophical  Magazine  for   October  last,   I   have 
fallen  into  an  error  in  estimating  the  vis  viva. 

In  point  of  fact  I  never  attempted  to  estimate  the  vis  viva. 
Adopting  the  definition  of  intensity  propounded  by  three  out  of 
the  five  writers  to  whom  I  referred,  viz.  that  the  intensity  is 
measured  by  the  square  of  the  amplitude,  I  pointed  out  that, 
admitting  the  square  of  the  amplitude  properly  to  represent 
the  effect  on  the  eye  or  ear  of  a  single  undulation,  we  must 
divide  that  quantity  by  the  time — or,  as  Mr.  Bosanquet  would 
express  it,  we  must  multiply  it  by  the  number  of  undulations 
incident  on  the  organ  in  a  unit  of  time — in  order  to  arrive  at 
the  true  measure  of  intensity  of  the  ray  or  note. 

I  must  plead  guilty,  however,  to  having  overlooked  the  con- 
trariety exhibited  by  the  definitions  cited  in  my  paper, — Sir 
John  Herschel,  Dr.  Lloyd,  and  Mr.  Airy  taking  the  square 
of  the  amplitude  as  the  measure  of  intensity,  while  Prof. 
Tyndall  and  Dr.  Helmholtz  (herein  following  Fresnel)  adhere 
to  the  square  of  the  maximum  velocity  as  the  measure;  which 
latter,  as  Mr.  Bosanquet  points  out,  will  have  the  square  of  the 
periodic  time  in  the  denominator,  assuming  the  vibration  to 
be  correctly  represented  by  the  formula  ordinarily  employed  for 
that  purpose  J.  Having  always  worked  with  the  former  defini- 
tion, and  never  having  heard  that  there  was  any  dispute  about 
the  matter,  I  took  for  granted  without  inquiry  the  identity  of 
the  definitions,  although  the  slightest  examination  would  have 
shown  them  to  be  irreconcilable^. 

*  Communicated  by  the  Author. 

t  See  Phil.  Mag.  S.  4.  vol.  xhv.  p.  3SG. 

X  That  in  some  imjjortant  ])articiilars  the  formula  completely  misrepre- 
sents the  vibration  is  certain.  1  tlo  not  dwell  upon  this,  however,  as  the 
want  of  corresijondence  between  the  two  definitions  is  abundantly  obvious. 

§  Sir  John  Ilcrschcl  adopts  both  definitions,  apparently  without  any 
consciousness  of  their  incongruity ;  for,  while  in  the  j)assage  I  have 
quoted  from  bit  'Treatise  on  Light'  (No.  663)  he  speaks  of  the  amplitude 
ai  determining  the  intensity  both  of  light  and  sound,  in  his  '  Treatise  on 
Sound'  (No.  I2G)  he  gives  the  following: — 

"  In  tlie  theory  of  sound,  as  in  that  of  light,  the  intensity  of  the  impes- 
sion  ma<le  on  our  organs  is  estimated  by  the  shock,  impetus,  or  ri.s"  r»r«of 
the  impinging  molecules,  which  is  as  the  scpuire  of  their  velocity — and  not 
by  their  inertia,  which  is  as  the  velocity  8im|)ly." 

I  may  remark  that  the  notion  of  the  intensity  of  our  sensations  being 
measured  by  the  "  shock  "  of  the  "  impinging  molccides,"  which  Sir  John 
Herschel  here  adopts    from  I'resuel,  is  founded  on  u  complete  misappre- 
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But  this  alternative  definition,  just  as  much  as  the  former, 
stands  in  need  of  correction.  For,  any  claim  which  the  maxi- 
mum velocity  can  have  to  be  regarded  as  the  test  of  the  intensity 
of  a  note  or  ray  must  rest  on  the  assumption  of  its  correctly 
representing  the  effect  of  a  single  undulation  on  the  organ 
operated  upon ;  and,  admitting  this  to  be  the  case,  the  true 
measure  of  intensity  must  be  the  square  of  the  maximum  velo- 
city divided  by  the  periodic  time;  so  that  instead  of  the  measure 
of  intensity  being  some  constant  multiple  of  the  ratio  of  the 
squares  of  the  amplitude  and  periodic  time,  it  must  be  a  constant 
multiple  of  the  ratio  of  the  square  of  the  amplitude  to  the  cube  of 
the  periodic  time. 

My  reason  for  considering  that  the  square  of  the  amplitude 
cannot  enter  as  a  factor  into  the  expression  for  the  intensity  is 
very  simple. 

If  we  have  two  series  of  waves  superposed,  each  of  which  is 
represented  by 

y  =  a  sin  —  {vt—x), 
A, 

the  resultant  vibration  will  be  represented  by 

y  =  2  a  sin  —  [vt—x)  ; 

from  which  it  follows,  if  the  square  of  the  amplitude  enters  into 
the  expression  for  the  intensity,  that  the  two  systems  of  vibra- 
tions combined  will  produce /owr  times  the  amount  of  illumina- 
tion (supposing  light  to  be  referred  to)  which  either  would 
produce  separately — a  conclusion  which  appears  absolutely  fatal 
to  this  mode  of  estimating  the  intensity*. 

That  the  data  upon  which  Mr.  Bosanquet  founds  his  experi- 
mental determination  of  the  measure  of  intensity  are  precarious, 
must,  I  conceive,  strike  every  one.  That  the  result  he  obtains 
is  inadmissible,  appears  to  follow  from  the  following  considera- 
tions. 

Let  a,  flj  be  the  amplitudes  of  two  notes  at  opposite  extremi- 
ties of  the  musical  scale;  separated,  say,  by  seven  octaves. 
Then,  if  t  be  the  periodic  time  of  the  one,  2^.  t  will  be  that  of 

hension,  inasmuch  as  the  particles  of  air  in  contact  with  the  tympanal 
membrane  must  necessarily  have  the  same  velocity  as  the  latter. 

If  I  remember  rightly,  Fresnel  distinguishes  between  the  intensity  of  the 
vibration  itself  and  that  of  the  sensation  resulting  from  it — expressing  the 
former  by  the  simple  power,  the  latter  by  the  square  of  the  maximum 
velocity. 

•  The  only  attempt  to  prove  that  the  square  of  the  amplitude  and  not 
its  simple  power  shoidd  be  taken,  with  which  I  am  acquainted,  assumes  as 
a  postulate  that  two  candles  will  give  twice  the  illumination  of  one  !  See 
Airv's  '  Tract  on  the  Undulatorv  Theory  '  in  loco. 


40  Dr.  A.  Stoletow  on  the  Magnetizinc/- Function  of 

the  other.  Suppose,  now,  that  the  intensities  of  the  two  notes 
are  equal;  then,  according  to  Mr.  Bosanquet's  measure  of 
intensity,  we  shall  have 

2  2 


2 

and 


a?  =  328  a2 


i.  e.  the  amplitude  of  excursion  of  the  lower  note  will  be  upwards 
of  sixteen  thuusand  times  as  great  as  that  of  the  higher — a  con- 
clusion which  appears  incredible. 

In  reference  to  the  pi'inciple  on  which  the  definition  of 
intensity  must  be  determined,  I  may  observe  that  we  have  no 
direct  consciousness  of  the  amount  of  a  velocity  or  force 
impressed  alike  upon  all  parts  of  our  frame;  it  is  only  when 
the  velocity  or  force  produces  relative  displacement  of  different 
parts  of  the  system  that  we  become  conscious  of  its  existence, 
and  are  enabled  to  measure  its  eflects.  The  amount  of  dis- 
placement of  the  nerves  of  the  eye  or  ear  is  therefore  neces- 
sarily one  element  in  the  expression  for  the  intensity  of  the 
ray  or  note.  The  only  other  clement  remaining  to  be  taken 
into  account  is  the  time  within  which  such  displacement  is 
effected.  Till  the  contrary  is  shown  by  indisputable  experi- 
mental evidence,  I  must  contend  that  the  simple  ratio  of  one 
of  these  elements  to  the  other  is  the  only  measure  of  the  inten- 
sity of  a  light  or  sound  which  can  be  regarded  as  admissible. 

6  New  Square,  Lincoln's  Inn, 
December  6,  1872. 


V.  On  the  Magnetiziny-Fundion  of  Soft  Iron,  especially  with 
weaker  decomposiny -powers.  By  Dr.  A.  Stoletow,  of  the 
University  of  Moscow  *. 

[With  a  Plate] 

IN  Kirchhoff's  generalization f  of  Poisson^s  theory  of  the  mag- 
netization of  scjft  iron,  the  knowledge  of  a  certain  empiric 
function  is  of  the  greatest  importance.  This  we  will  name  the 
rnuynctizhiy-funrlion  of  iron,  and  den()t(!  it  l)y  k. 

In  order  to  render  palpable  to  ours(;lves  the  physical  signifi- 
cation of  this  (juantity,  we  iiaveto  imagine  an  infinitely  long  and 
tliMi  iron  cylinder  in  a  homogeneous  magnetic  field;  the  mag- 

*  TraiiHlatid  from  a  separate  copy,  coniiniinicatcd  by  tlic  Autlior,  from 
l'oj;Htii(lortr's  Ainmlcii,  vol.  rxlvi.  im.  l.'i!)  KI.J,  liaving  i)iru  laid  before  the 
Moscow  Mathcinatical  Society  on  Nov.  L'O  ( DeeenilHT  2),  iM?!- 

t  Crelle'H  Journal,  vol.  .\lviii.  p.  M/O. 
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netic  force  is  directed  along  the  axis  of  the  cylinder,  and  its  mag- 
nitude is  R.  The  iron  is  then  magnetized  uniformly  throughout 
its  whole  length ;  that  is,  the  magnetic  moment  m,  referred  to 
the  unit  of  volume,  is  the  same  in  every  point  of  the  cylinder. 

The  ratio  -^  we  designate  as  the  value  of  the  magnetizing-func- 

tion  for  the  argument  R.  If  M,  L,  and  T  represent  the  units 
of  mass,  length,  and  time,  R  as  a  magnetic  force  is  a  quantity  of 
the  dimensions  M*L~*T~';  the  quantity  A(R)  is  a  pure  number. 
If,  now,  k  is  known  for  every  value  of  R,  we  have  all  that  is 
necessary  to  enable  us  to  determine  theoretically  the  magneti- 
zation of  any  mass  we  please  of  isotropic  iron  of  which  the  form 
and  dimensions  are  known  and  which  is  in  a  given  magnetic 
field,  so  far  as  the  coercive  force  of  the  iron  can  be  neglected. 
It  is  true  that  only  a  few  special  cases  can  be  considered  from 
this  point  of  view  ;  but  this  is,  perhaps,  not  owing  to  the  inde- 
terminateness  of  the  question,  but  solely  to  the  analytical  diffi- 
culties of  the  solution. 

On  the  course  of  k  when  R  becomes  greater  or  less,  as  well  as 
on  the  question  how  far  it  turns  out  different  for  different 
sorts  of  iron,  the  information  at  present  existing  is  still  rather 
unsatisfactory.  Most  observers  have  experimented  with  cylin- 
drical rods — a  case  in  which  a  strict  theory  can  only  be  carried 
out  on  the  assumption  that  the  rod  is  of  infinite  length  and 
thinness.  On  the  other  hand,  the  magnetizing-force  made  use 
of,  and  the  magnetic  moment  it  produces  in  the  iron,  have  for 
the  most  part  not  been  given  in  absolute  measure,  which  makes 
the  calculation  of  k  impossible.  So  far  as  I  know,  such  abso- 
lute measurements  have  only  been  made  by  Weber  and  Von 
Quintus  Icilius. 

The  latter  had  to  do  with  iron  ellipsoids  (in  a  homogeneous 
magnetic  field) ;  while  AYeber  used  cylindrical  rods,  which  could 
only  be  considered  by  way  of  approximation,  as  very  extended 
ellipsoids,  and  to  that  extent  admit  a  theoretical  treatment. 

JVeither  of  the  two  physicists  mentioned  has  calculated  the 
values  of  k  from  his  experiments ;  they  contented  themselves 
with  the  consideration  of  the  magnetic  moment  of  the  mass  of 
iron.  This,  however,  is  not  adapted  to  show  clearly  the  universal 
dependence  of  the  magnetization  upon  the  magnetizing-force, 
since  the  magnetic  moment  of  a  cylinder  of  unlimited  length,  or 
an  ellipsoid,  is  conditioned  not  only  by  this  force,  but  also  by  the 
form  of  tlie  iron. 

Kirchhoff*  first,  from  Weber's  measurements  t,  calculated  the 

*  Crelle's  Journal,  vol.  xlviii.  ji.  3/4. 
t  Electrodyn.  Maasshest.  iii.  nrt.  26. 
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values  of  the  function  k  for  certain  values  of  its  argument,  in 
which  for  the  cylindrical  form  of  the  iron  an  ellipsoidal  one  ap- 
proximating to  it  as  nearly  as  possible  was  substituted.  The 
following  numbers  resulted  : — 


R. 

*■ 

R. 

1 
k.            \ 

296 

250 

1512 

8-4 

301 

235 

1583 

81 

612 

16-9 

1773 

7-4    1 

823 

13-5 

1975 

6-7 

967 

120 

2080 

6-4 

1184 

10-2 

2397 

57 

1297 

9-5    1 

2484 

5-6 

As  unit  for  R, 


mgr. 


mm.^  .  sec. 


was  taken,  after  Gauss. 


From  this  we  see  that,  with  rising  values  of  the  argument, 
the  function  k  diminishes,  at  first  rapidly,  then  more  slowly,  and 
approaches  asymptotically  either  zero  or  infinity — a  fact  already 
indicated  previously  by  the  observations  of  Joule  and  Miiller. 

The  same  method  of  calculation  can  with  greater  right  be  ap- 
plied to  the  more  recent  experiments  of  Von  Quintus  Icilius*, 
because  the  form  of  the  iron  was  really  ellipsoidal.  Some  of 
these  experiments  were  also  performed  with  feebler  magnetizing 
forces,  a.s,  instead  of  the  direct  magnetic  action  of  the  iron,  the 
induction  currents  excited  in  a  spiral  wrapped  round  the  ellip- 
soid, on  the  reversal  of  the  magnetizing  current,  were  measured. 

For  the  calculation  of  k  from  these  experiments,  however,  we 
must  use  only  the  most  elongated  ellipsoids,  because  w^th  others 
the  influence  of  k  on  the  quantity  of  the  magnetic  moment  is 
inconsiderable,  and  almost  vanishes  in  comparison  with  the  in- 
fluence of  the /orm  of  the  ellipsoid.  We  will  therefore  calculate 
the  experiments  with  both  ellij)soids  (/=199,  d=\'^7 ,  and 
/=350,  d=2l2 ;  I  is  the  polar  axis,  d  the  equatorial  axis,  both 
expressed  in  millimetres).  If  m  is  the  magnetic  moment  of  an 
extended  tllij)soid  of  rotation  which  is  magnetized  by  a  constant 
force  X  acting  parallel  to  the  polar  axis,  we  have 

where  S  represents  a  number  to  be  calculated  from  the  ratio  of 
the  a.xcs  of  the  ellipsoid,  viz. 

S  =  47r(7(cr«-l)Qlognat^^j  -^), 


♦   Pogg.  Ann.  vol.  exxi.  pjt.  13-1  &  I'.iJ- 
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if  or=  — , *.     The  application  of  these  formulse  to  the  two 

ellipsoids  above  mentioned  gives  the  following  Tables  : — 

Table  I. 


R. 

k. 

R. 

k. 

R. 

k. 

2-40 

30-5 

331 

119  0 

53-3 

110-9 

5-20 

40-8 

339 

118-7 

59-2 

1130 

120 

72-5 

38-6 

120-2 

98-4 

89-3 

211 

991 

45-6 

120-4 

176-2 

62-9 

24  1 

113-4 

51-9 

119-1 

300-7 

39-7 

Table  II. 


R. 

k. 

R. 

k. 

R. 

k. 

5-18 

20-1 

116-5 

76-8 

1722 

711 

8-71 

22-6 

148 

61-9 

2034 

606 

10-30 

23-1 

213 

47-1 

2044 

605 

14-30 

28-4 

240 

41-9 

2449 

537 

222 

45-3 

250 

40-7 

2981 

4-28 

26-9 

54-3 

379 

27-9 

3013 

4-23 

34-4 

83-4 

455 

23-8 

3464 

3-73 

38-5 

94-5 

495 

21-9 

3864 

3-36 

47-0 

98-1 

610 

18-1 

3971 

3-25 

49-2 

107-5 

749 

14-9 

4229 

3-05 

64-9 

107-3 

935 

12-3 

4541. 

2-86 

97-2 

87-0 

1339 

8-88 

Hence  becomes  evident  the  remarkable  fact  which^  it  seems 
to  me,  has  not  yet  been  duly  recognized,  that  with  the  lower 
values  of  R  the  magnetizing-function  has  an  ascending  course, 
and  with  a  certain  value  of  R  reaches  a  maximum.  We 
see  further  from  these  Tables  that  with  a  very  long  and  thin 
rod,  if  it  is  magnetized  by  a  force  not  too  great,  the  magnetic 
moment  increases  not  as  is  usually  assumed,  nearly  proportion- 
ally, but  much  more  rapidly,  and  between  certain  limits  of  the 
force  is  nearly  proportional  to  the  cube  of  it. 

This  is  to  be  seen  even  from  some  of  Joule's  experimentsf, 
whose  attention,  however,  was  chiefly  directed  to  the  permanent 
magnetism  of  the  rod.  Further,  Wiedemann  J  remarked  that, 
with  rods  of  moderate  thickness,  the  magnetic  moment  increases 
a  little  more  quickly  than  the  magnetizing-force.  From  the  series 
of  experiments  No.  1  of  Von  Quintus  Icilius  the  fact  comes  out 
very  strikingly  and  at  once ;  prominence  was  given  to  it  by  the 
observer  himself:  he  seems,  however,  to  be  surprised  that  the 

*  Neumann,  Crelle's  Journal,  vol.  xxxvii.  p.  44. 

t  Phil.  Trans.  1856,  p.  28?.  %  Galvanismus,  vol.  ii.  p.  297. 
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augmentation  of  =^  does  not  occur  in  the  same  degree  with  all 

ellipsoids,  and  thinks  that  "it  may  be  too  soon,  in  the  present 
state  of  our  knowledge,  to  expect  to  deduce  a  determinate  law 
in  relation  to  this^'*.  And  yet  this  dissimilar  behaviour  of  dif- 
ferent ellipsoids  is  a  direct  consequence  of  the  theory. 

Indeed,  let  us  first  contemplate  the  two  less-elongated  ellip- 
soids numbered  2  and  3  in  v.  Quintus  Icilius,  and  which  were 
cut  out  of  the  same  piece  of  iron  as  No.  1  (/=199,  d=l'97). 
For  No.  2,  /  was  =200,  </=  20-41 ;  for  No.  3,  l=ol,  d=  19-84. 
We  may  therefore,  in  the  expression 
m  _  1 
X 


+  s 


neglect  y  in  comparison  with  S,  or  put  y  =  o-      We  then  get 

5  =  3-80  for  No.  2,  and  0-608  for  No.  3. 
A. 

From  the  experiments  of  v.  Quintus  Icilius  there  result  the 
means  4.34  for  No.  2,  and  0-596  for  No.  3. 

M.  V.  Quintus  Iciliusf  has,  further,  investigated  also  a  more 
elongated  ellipsoid  (/=100-5,</=  5-24),  with  which  the  approxi- 
mative calculation  just  used  would  be  inadmissible.  In  order 
to  test  the  theory  in  this  case  also,  let  us  proceed  as  follows. 
First,  for  every  X  given  we  seek  the  corresponding  R,  using 
Table  II.  (as  the  more  extended):  that  is,  we  first  put  /t=0, 
therefore  K  =  X  ;  we  find  for  this  value  of  R  the  corresponding 

k  from  the  Table,  calculate  again  R  =  — ^-  -,  &c.  until  two  con- 

1  -|-  ftl^ 

sccutive  values  of  R   come  out  nearly  equal 


found  k,  and  can  calculate  v^  =  "7 


1 


Then  we  have 
and  compare  it  with  the 


*+« 


result  of  experiment. 

in  iliis  way  I  find,  for  example, 


X. 

~  calculated. 

A. 

^  observed. 

48-2 

76 

709 

276 

100 

9-67 

563 

100 

9-99 

1701 

6-5 

7-51 

2861 

4-5 

500 

4436 

2-9 

3-52 

•  Pogg.  Ann.  vol.  cxxi.  p.  135. 


t  Ihid.  pp.  132  &  138. 
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We  see  that  here  also  observation  and  calculation  do  not  di- 
verge too  widely. 

Before  I  leave  the  experiments  with  ellipsoids  and  pass  to  my 
own  investigation,  I  must  mention  a  still  more  recent  work 
(1870),  that  of  M.  Iliecke*.  He  has  observed,  according  to 
Weber's  method,  the  remagnetizing  of  various  ellipsoids  by  the 
vertical  component  of  terrestrial  magnetism.  The  more  length- 
ened the  ellipsoid,  the  greater  was,  in  general,  the  number  re- 
sulting for  k.  In  conformity  with  the  foregoing,  this  w'as  to  be 
expected — since,  X  remaining  equal,  the  quantity  R  increases 

simultaneously  with  ^i — although  M.  Riecke  is  more  inclined  to 

seek  another  reason  for  it.  The  magnetizing-force  was  not  mea- 
sured directly ;  but  if  we  assume,  with  Weber,  that  the  vertical 
component  of  the  earth^s  magnetism  (atGottiugen)was  =4-228t, 
then  it  follows  that,  for  Riecke's  experiments,  R  =  0"31-0'72. 
Corresponding  to  this,  k  increased  from  13'5  to  25*4. 

It  seemed  to  me  not  without  interest  to  ascertain  the  magne- 
tizing-fuuction  by  another  method,  recently  proposed  by  Kirch- 
hoff  J.  Therein  I  experimented  especially  with  feebler  decom- 
posing forces,  in  order  once  more  to  establish  and  place  beyond 
doubt  the  ascending  course  of  k  with  such  forces.  The  experi- 
ments which  I  will  communicate  appear  also  to  have  a  further 
interest.  The  only  case  of  magnetizing  theoretically  solved  com- 
pletely, and  which  at  the  same  time  can  be  carried  out  in  prac- 
tice, was  till  quite  recently  that  of  an  ellipsoid  (inclusive  of  the 
sphere).  In  the  present  experiments,  I  believe,  the  theory  is 
for  the  first  time  tested  on  a  body  of  another  form,  namely  a  ring. 

AVe  imagine  a  ring  of  iron — that  is,  a  solid  of  rotation  which 
is  not  touched  by  the  rotation-axis.  Let  this  ring,  in  its  whole 
periphery,  be  wrapped  round  with  wire  {the  primary  ivire);  and 
let  another  wire  (the  secondary  laire)  be  wound  round  it  once  or 
more  times.  If  a  constant  current  is  passed  through  the  first 
wire,  and  if  the  second  is  closed  upon  itself,  a  momentary  cur- 
rent is  induced  in  the  latter  as  soon  as  the  direction  of  the  pri- 
mary current  is  suddenly  reversed §.     The  integral  value  of  the 

*  Die  Magnetisirungszahl  des  Eisens  f'lir  schwacke  magnctisirende 
Kriifte:  Gottingen,  1871.     Abstract  in  Po<ig.  Ann.  vol.  cxli.  p.  -453. 

t  This  number  belongs  ijropcrly  to  the  middle  of  the  year  1870.  See 
Weber,  "  IJestiuimung  der  erdmagnetischen  Kraft  in  Gottingen,"  j).  30 
{Abhandlungen  d.  k.  Gesellschaft  d.  IViss.  zu  Gottingen,  vol.  vi.). 

X  Pogg.  vIhw.  Ergzbd.  v.  ]).  1. 

§  I  always  employed  the  reversal  of  the  current,  because  tlicreby  the 
results  are  less  vitiated  by  residual  magnetism  than  with  the  closing  and 
opening  of  the  circuit.  The  same  method  was  made  use  of  by  Weber  ami 
V.  Qu.  Icilius.  The  employment  of  both  methods  would  enable  us  to  mea- 
sure the  residual  magnetism  of  the  iron. 
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induced  electromotive  force,  expressed  in  absolute  electromag- 
netic measure,  is,  according  to  the  theory  given  by  Kirchhoff: — 

E  =  4nn'z{  4-77^1  + Pj (1) 

The  first  term  of  the  expression  proceeds  from  the  currents  in- 
duced by  the  remagnetizing  of  the  iron ;  the  second,  from  the 
direct  voltaic  induction  of  the  two  wires.     Herein  signify  : — 
n  and  n\  the  numbers  of  the  windings  of  the  primary  and 
secondary  wires  respectively  (if  the  latter  is  wound  round 
the  ring  v  times  in  one  direction,  j/  times  in  the  other,  we 
have  to  understand  by  n'  the  difference  v  —  i^); 
i,  the  intensity  of  the  primary  current,  in  absolute  electromag- 
netic measure ; 
M,  the  integral,  extended  to  the  cross  section  of  the  ring,  of 

the  form  I — ,  in  which  t?S  is  an  element  of  the  surface  of 

J  P  _ 

that  section,  p  the  distance  of  this  element  from  the  rotation- 
axis  of  the  ring ; 
P,  a  similar  integral,  referred  to  the  surface  of  a  primary 
winding. 

k  is  the  magnetizing-function  of  the  iron  ;  and  the  argument 

R,  to  which  k  is  referred,  is  the  mean  value  of  the  magnetizing- 

2m 
force.     This  is  =  —  for  a  point  [p]  of  the  ring.     Consequently 

R=?f!^, (2) 

S  denoting  the  entire  surface  of  the  cross  section  of  the  iron. 

If,  then,  we  know  tlie  form  and  dimensions  of  the  ring  and 
the  primary  turns,  as  well  as  the  number  of  these  and  the  se- 
condary rounds,  the  function  k  can  be  calculated  for  every  given 

E 

R,  to  be  expressed  in  absolute  measure,  as  soon  as  the  ratio  — 

is  likewise  measured  in  absolute  measure. 

This  is  the  fundamental  idea  of  the  method  recommended  by 
Kircliiioff  and  which  i  have  followed.  To  what  extent  it  required 
to  be  modified  for  different  values  of  the  magnctizing-force  R, 
will  be  gathered  from  the  following. 

I  had  such  a  ring  made  of  soft  iron,  in  the  workshop  of  Dr. 
Meyerstein,  at  Gottingcn.  It  was  kept  for  twelve  hours  at  a 
red  heat,  and  then  cooled  by  gradually  covering  the  fire.  The 
cross  section  of  the  ring  is  a  rectangle;  the  extreme  diameter  I 
found  equal  to  2(X)0ii5  niillims.,  the  internal  =  18037  millinis.; 
the  height  =11'7.'j  niillims.  From  this  the  quantity  denoted 
alx)ve  by  iM  is  calculated  =1'52G  millini. 

To  tliis  nng  two  rings  of  wood,  circularly  rounded  off  on  the 
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outer  side,  were  cemented ;  upon  these  a  covered  copper  wire 
(without  its  covering,  0*45  millim.  thick  ;  with  it,  0'67)  was 
wound  as  close  and  uniformly  as  possible.  This  wire,  mostly 
used  as  primary  closing,  had  800  turns ;  it  was  connected  with 
a  galvanic  series.  The  mean  contour  of  a  winding  is  pretty 
accurately  represented  by  the  combination  of  a  rectangle  11*1 
millims.  wide,  and  24*5  high,  with  two  semicircles  of  11"1  dia- 
meter (PI.  III.  fig.  1).  Accordingly  the  quantity  denoted  by  P 
(upon  the  exact  knowledge  of  which  much  less  depends  than 
upon  the  determination  of  M)  is  found  by  calculation  to  be  3*87 
millims. 

Equations  (1)  and  (2),  applied  to  the  ring  described,  give  us 
the  following  formulae  for  the  calculation  of  R  and  k  : — 


^-''°"  9-172         ■'     I^  =  l«-««- 

Upon  the  first  layer  of  wire-turns,  which  mostly  served  alone 
for  the  primary  wire,  750  rounds  of  the  same  piece  of  wire  were 
wound,  and  likewise  filled  up  the  entire  periphery  of  the  ring ; 
in  this  second  layer,  however,  the  wire  was  divided  into  five 
separate  portions,  of  which  the  number  of  circumvolutions  were 
respectively  50,  100,  150,  200,  and  250.  As  required,  one  or 
another  of  these  divisions,  or  different  combinations  of  them 
were  connected  with  a  multiplier  and  used  as  a  secondary  wire. 
The  number  of  the  secondary  circumvolutions  might  thus  be  in- 
creased, step  by  step,  to  100,  150, . . .  700,  750 ;  and,  with  the 
same  effective  number  of  turns,  I  could  vary  the  resistance  of  the 
secondary  wire,  by  using,  for  example,  at  one  time  the  50  divi- 
sion alone,  at  another  combining  the  250  and  200  divisions  in 
opposite  directions.  All  these  wires  were  wound  in  such  wise 
that  with  each  the  longitudinal  current,  according  to  Ampere, 
was  compensated  by  a  returning  round  of  wire.  (Fig.  2  is  a 
sketch  of  the  inner  wire.) 

With  greater  decomposing  forces  I  could  make  use  of  a  smaller 
number  of  secondary  turns.  Then  I  had  no  need  of  the  divi- 
sions above  mentioned  for  the  secondary  closing,  and  merely 
caused  the  conducting  wire  of  the  multiplier  to  run  round  the 
ring  in  ten  turns.  Those  divisions,  however,  I  could  now  con- 
nect with  each  other,  all  in  one  direction,  and  with  the  first 
layer  of  wire;  whereby  the  number  of  the  primary  circumvolu- 
tions became  1550,  and  with  the  same  galvanic  series  the  de- 
composing force  was  considerably  greater.  With  this  arrange- 
ment, taking  into  account  the  alteration  of  n  and  P  (with  the 
outer  turns  the  length  of  the  oval  was  37'75  millims.,  the  breadth 
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irZS),  the  following  equations  became  valid  : — 

1         5-411 


^= I9T72 '     ^  =  ^-^^^'' 

Before  passing  to  the  proper  measurements,  I  will  give  an  ac- 
count of  two  preliminary  experiments,  which  I  made  for  the 
purpose  of  ascertaining  the  regular  course  of  the  phenomenon 
and  to  test  its  accordance  with  theory. 

If  we  leave  the  magnetizing  current  i  unchanged,  from  equa- 
tion (1)  it  follows ; — 1,  that  the  induced  electromotive  force 
increases  proportionally  with  the  number  of  the  secondary  turns  ; 
2,  that  it  depends  only  on  the  number,  and  not  on  the  quality, 
of  the  turns. 

Lcnz  found  similar  laws  by  experiment  when  investigating  the 
induced  currents  excited  in  a  spiral  wire  enclosing  an  iron  cy- 
linder as  soon  as  the  cylinder  was  pulled  away  from  the  pole  of 
a  powerful  steel  magnet*.  Theoretically,  however,  these  laws 
can  only  be  derived  under  the  assumption  that  the  cylinder  is 
infinitely  thin  and  lougf. 

I  conducted  the  current  of  a  DanielPs  series  through  the  pri- 
mary wire  of  the  ring.  Divisions  100,  150,  200,  and  250  of 
the  secondary  wire  were  connected  with  each  other  and  with  u 
galvanometer  of  great  deadening  force.  The  connexion  was 
made  in  various  ways,  so  that  the  numbers  of  effective  turns  were 
respectively  100,  200,  300,  400,  500,  and  700.  As  the  resist- 
ance of  the  secondary  circuit  remained  unaltered,  the  deflections 
observed  on  the  galvanometer  when  the  primary  current  was  re- 
versed were  projjortional  to  the  induced  electromotive  forces. 
The  mean  numbers  of  these  deflections,  each  I'rom  eight  obser- 
vations, were : — 

with  100  turns,  200,     300,       400,    500,       700, 

=    47-2  scale-divisions;  <J4-4;   140  4;   189;    230-4;  3:2l)-9. 

Starting  from  the  number  329-9,  the  others  are  found  by  cal- 
culation to  be 

47-13,     94-26,     141-4,     188-5,     235-6. 

When  the  divisions  were  so  combined  that  the  number  of 
turns  running  in  one  direction  was  equal  to  the  number  in  the 
opposite  direction,  I  obtained  on  the  n-versal  of  the  current  the 
small  d(;fl(ctions  +\>),  which  are  proljably  to  be  attril)uted  to 
the  imjierfcct  homogeneousness  of  the  iron  mass  or  of  the  ])ri- 
niary  turn8|.  When  150—100  —  50  turns  were  cmi)loyed,  th(; 
magnet  remained  perfectly  at  rest. 

*  Wicilfiimiin,  (iair.iiiiismus,  vol.  ii.  p.  'i.'M. 

+    KircliliolJ',  Cri'llf'.s  Journal,  vol.  xlviii.  p.  .3()S. 

*  Aironliui;  to  tlicorv,  tin-  ad  ion   of  tlie  riii-^  upon  fxti'inal   niiifjncts 
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Similarly  it  was  proved  that  the  form  and  other  conditioub  of 
the  secondary  turns  are  without  iniluence.  AVheu  I  caused  a 
thicker  wire  to  run,  in  50  wide  and  irregular  turns,  round  the 
ring,  and  formed  a  secondary  closing  out  of  this  wire,  the  oppo- 
sitely directed  division  of  50  turns,  and  the  multiplier,  I  obtained 
a  sensible  deflection  on  reversing  the  primary  current. 

Generally  the  consecutive  induction-impulses  arc  very  constant, 
if  only  the  precaution  is  taken  to  turn  the  commutator  several 
times  after  each  change  of  the  magnetizing-forcc  before  com- 
mencing the  observations,  as  the  first  deflections  arc  influenced 
by  residual  magnetism. 

I  pass  now  to  the  proper  measurements  of  k  and  R. 

As  we  have  seen,  it  depends  upon  ascertaining  the  ratio  —  of 

the  induced  electromotive  force  to  the  intensity  of  the  inducinu: 
current.  For  this  purpose,  according  to  the  strength  of  the 
latter,  various  methods  were  employed. 

With  stronger  primary  currents,  the  arrangement  shown  in 
fig.  3  (PI.  III.)  was  adopted.  The  current  of  a  galvanic  apparatus 
K  (mostly  4-12  Daniell's  elements,  for  more  pow'crful  currents 
12-14  Bunsen)  was  conducted  through  two  commutators  (C, 
and  Cg),  the  primary  wire  P  of  the  ring,  and  a  circular  roll  of 
wire  (R)  of  known  dimensions.  This  roll,  intended  for  the 
measurement  of  the  primary  current,  is  placed  perpendicular  to 
the  magnetic  meridian,  eastward  of  a  magnetometer  (M) ;  the 
axis  produced  of  the  roll  meets  the  middle  point  of  the  magnetic 
bar.  The  distance  of  the  latter  from  the  centre  of  the  roll  was 
mostly  fixed  at  1000  or  1250  millims. 

Moreover  the  magnet  M  is  now  surrounded  by  a  multiplier  with 
close  windings.  Through  this  multiplier,  ])rovided  with  a  damper, 
the  induced  currents  are  conducted.  That  is  to  say,  the  con- 
ducting wire  of  the  multiplier  is  either  wound  in  several  turns 
round  the  ring,  or  connected  with  the  above-mentioned  divisions 
of  the  second  layer  of  wire  upon  tlie  ring.  Lastly,  W  is  a  8ie- 
mens's  resistance-scale,  by  which  the  primary  current  can  be 
weakened.     The  observation  was  effected  with  ^calc  and  telescope. 

The  constant  current  in  the  roll  II  inij)arts  to  the  magneto- 
meter a  certain  deviation  from  the  magnetic  meridian.  By  turn- 
ing the  commutator  Cj,  the  current  in  the  primary  wire  P  only 
is  reversed.    Thereby  an  induction-shock  is  j)roduced  in  the  mul- 

should  have  been  altogether  iiKlcpcndtiit  of  ^vhethcr  a  current  ]iassed 
through  the  turus  and  in  w  liicli  dircctiou.  '1  his,  how  ever,  was  far  from  being 
veriKed  when  I  plaeed  the  ring  close  beside  the  galvanometer — whieh  again 
intimated  tlie  before-mentioned  want  of  homogeneousuess.  At  all  events 
the  direct  action  of  the  ring  upon  the  galvauonieter  was  quite  imperceptible 
when  it  held  its  usual  place. 
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tiplier,  aud  imparts  a  dedection  to  the  magnet.  The  position  of 
equilibrium  conditioned  by  the  primary  current  is  observed, 
as  well  as  the  induction-deflection.  By  a  second  turning  of  Cj 
the  magnet,  after  coming  to  rest,  receives  an  impulse  in  the 
opposite  direction.  Finally,  the  same  observations  are  made 
after  the  commutator  Cj  has  been  turned  and  thereby  the  cur- 
rent in  the  entire  primary  circuit  reversed.     Let 

a  be  half  the  difference  between  the  two  positions  of  equili- 
brium of  the  magnet  with  the  two  positions  of  the  commu- 
tator Cg, 
A  the  elongation  of  the  magnet  from  the  then  position  of 

equilibrium  by  the  induction-shock, 
T  the  time  of  an  oscillation  of  the  undamped  magnetometer, 
\  the  logarithmic  decrement  of  the  oscillations  v/heu  the  se- 
condary v.ire  is  closed, 
m  the  ratio  of  the  torsion-moment  exerted  by  the  multiplier 
upon  the  magnet  to  that  proceeding  from  the  roll,  the  same 
current  passing  through  both ; 

then  the  ratio  of  the  induction-shock  J  to  the  primary  current 
i,  both  taken  in  the  same  measure,  is 


J  A      T       Aarctanllif 

—  =  —  •  —  .  e^i^  ^, 

I       ma    IT 


where  /i  is  the  modulus  of  the  Briggian  logarithms. 

If,  instead  of  observing  the  first  deviations,  we  wish  to  employ 

the  multiplication  method,  A  and  a  are  to  be  calculated,  in  the 

known  manner,  from  the  consecutive  readings  and  the  damping  X. 

Therefore,  m  and  T  being  known  (T  varies  a  little,  and  must 

be  determined  afresh  from  time  to  time),  the  ratio  -.  can  be  cal- 

i 

culated  from  determinations  each  time  of  A,  a,  \.     If,  further, 

the  resistance  W  of  the  secondary  closing  is  known  in  absolute 

■p  T    -iir 

measure,  we  have  also  the  ratio  —  =  --. — ,  which  is  required  for 

II  ^ 

the  calculation  of  k. 

The  resistances  of  all  the  wires  of  which,  in  the  various  ob- 
f  crvations,  the  secondary  circuit  consisted — that  is,  of  the  nnil- 
tijdicr  M  {w„)  and  all  the  sections  of  the  second  layer  of  wire 
('^'ooj  ^ioo»  •  •  •) — ^vcrc  determined  in  absolute  measure  by  compa- 
rison according  to  AVhcatstone's  method  with  a  British  Asso- 
ciation unit.     They  were  (reduced  to  J2U°-I  C): — 


w„,  =2-4758xlO'ol^- 

tec. 

»r^=07io02      „      „ 

u-2oo=2C829     „     „ 

ir,oo=l"10K;       „     „ 

»V^=  3-42^3     „     „ 
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In  every  observation,  the  temperature  of  the  air  close  to  the 
nuiltiphcr  was  noted;  and  a  second  thermometer  was  apphed  to 
the  second  layer  of  the  ring,  which  with  more  ])owcrfal  primary 
currents  was  considerably  heated  by  contact  with  the  primary 
wire.  The  resistances  were  reduced  to  the  readings  of  the  two 
thermometers ;  and  herein  the  increase  of  a  resistance  xv  (of  cop- 
per) with  a  heating-  of  1°C. could  be  supposed  equal  to  0'00387iy*. 

The  number  above  denoted  by  m,  which  specifies  in  what  ratio 
the  action  of  the  multiplier  was  more  powerful  than  that  of  the 
roll  (the  currents  in  both  being  equal),  was  measured  once  for  all. 
For  this  purpose  the  current  from  a  galvanic  apparatus  was  con- 
ducted through  the  roll ;  a  knovrn  portion  of  the  same  current 
was  sent  through  the  multiplier  by  means  of  a  derivation  of 
small,  accurately  measured  resistance.  There  was  found  m  = 
2414  for  the  ease  in  which  the  roll  was  1000  millims.  distant 
from  the  suspending  thread  of  the  magnet.  From  the  constants 
of  the  roll  to  be  given  below,  the  corresponding  number  m  could 
be  calculated  for  the  case  in  which  the  distance  was  different. 

We  have  now  all  that  is  necessary  for  the  calculation  of  k 
from  the  observed  A,  «,  X,  and  T.  In  order,  however,  that  we 
may  be  able  to  calculate  also  the  argument  R  (the  magnetizing- 
force)  to  which  this  k  refers,  the  intensity  of  the  current  i  must 
be  determined  in  absolute  measure.     Let 

H  be  the  horizontal  direction-force  of  the  magnet  (proceeding 
from  the  magnetic  field  of  the  place  of  observation,  in  a 
small  part  also  from  the  torsion  of  the  suspension-thread), 

u  the  angle  of  deflection  of  the  magnet,  produced  by  a  current 
of  absolute  value  i  which  is  passing  through  the  roll, 

F  the  superficial  extent  of  the  roll, 

r  the  distance  of  the  roll  from  the  thread  of  the  magnet ; 

then  we  have,  as  a  first  approximation  : — 

H  tan  u_2Y 
i       "  r^ 

j\Iorc  exactly,  the  right-hand  part  of  this  equation  is  a  series 
which  proceeds  by  descending  powers  of  r.  Presupposing  that 
both  magnet  and  roll,  in  their  distant  magnetic  action,  arc  sym- 
metrical in  relation  to  their  axes,  only  odd  powers  of  r  can  occur 
in  that  series.  Limiting  ourselves  to  the  first  two  terms,  wc 
obtain 

IIlanw_2F/        yS\ 
,  I  r'^  \         y-j 

where  yS  is  a  constant  f  which  depends  on  the  dimensions  of  the 

*  IMattliicsseii  :uul  v.Bose  ;  sec  Wiedcniaim,  GalvaiiiaitniSyXol.  ii.  p.  IfKiO. 
f  The  iutiucncc  of  the  angle  u  on  /3  may  be  neglected  when  «  is  small. 
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roll  and  the  magnet,  as  well  as  on  the  distribution  of  the  mag- 
netism in  the  latter. 

From  the  dimensions  of  the  roll  and  the  numbers  of  the  con- 
volutions of  its  four  layers  of  wire,  there  was  found 

F  =  6075500  sq.  millims. 

The  second  constant  /3  could  now  be  ascertained  by  experiment. 
To  that  end  the  angles  of  deflection  w,  and  u^  of  the  magnet 
were  observed,  which  were  occasioned  by  the  roll  when,  traversed 
by  a  constant  current,  it  was  placed  at  two  diflfereut  distances  r^ 
and  rj.     Then  evidently  1 


0- 


tan  7^1 
tan«o 


(^ 


tan  u 


m 


tan  Wg 

In  this  determination,  the  most  advantageous  ratio  —  is  found 

by  the  rules  of  the  calculation  of  probabilities  to  be  =  133G. 
Accordingly  with  ?-j  =  1000  millims.  r^  was  taken  as  =  1335 
millims.     In  this  way  I  obtained  /3=  —26301,  and  therefore 

^i^- =0011831    for  r  =  1000  millims., 

=  0-0061169  for  ;•=  1250       „ 

The  absolute  intensity  of  the  current  can  be  calculated  accord- 
ing to  these  formulie,  provided  that  the  quantity  II  is  known. 
This  was  measured  thrice  in  the  course  of  the  investigation,  by 
Gauss's  method.  In  order  to  take  account  of  the  variations  of 
II  in  the  inteivals,  the  deflection-bar  used  in  the  measurement  of 
II  was  daily  j)Iaced  upon  the  board  wliieh  carried  the  roll,  at  the 
distance  of  1250  millims.  from  the  lattci',  aiul  the  deflection  of 
the  suspended  magnet  was  observed  ;  from  this  the  alteration  of 
II  since  the  last  measurement  could  be  ascertained.  It  is  true 
that  the  magnetic  moment  of  the  bar  was  not  altogether  con- 
stant ;  the  variation,  however,  was  caused  chiefly,  perhaps,  by 
the  temperature,  and  could  still  be  allowed  for.  I  will  now  call 
attention  to  some  sources  of  (!rror  in  the  method  described.  If 
we  so  fcjrm  the  sceondaiy  closing  that  the  number  of  eflective 
turns  is  =0,  small  deflections  of  the  magnet  are  to  be  expected, 
even  independently  of  the  unhomogeneousness  of  the  iron  and 
of  the  primary  convolutions,  as  soon  as  the  position  of  the  com- 
mutator C,  is  changed.  These  arise  partly  from  the  interrup- 
tion of  the  primary  current,  but  j)artly  from  the  extra  currents 
wliieh  are  induced  in  the  jirimary  wire  of  the  ring  as  well  as  in 
the  roll.     The  first  and  third  of  these  disturbances  act,  as  may 
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easil}'  be  seen,  in  opposition  to  the  primary  current;  while  tlic 
action  of  the  extra  currents  induced  in  P  changes  its  direction  both 
with  the  initial  placing  of  C,  and  with  the  placing  of  Cj.  Hence 
arise  small  movements  of  the  magnet,  the  direction  of  which 
changes  with  the  placing  of  Cg,  but  their  magnitude  with  the 
nature  of  the  change  of  position  of  C,.  This  was  actually  ob- 
served. It  is  not  difficult  to  estimate  the  inlluence  of  this  source 
of  error  both  upon  the  calculation  of  A  and  on  the  values  of  a 
(when  these  are  determined  from  multiplication-readings),  and 
to  apply  the  correction.  Moreover  the  correction  of  A  can  be 
dispensed  with,  if  the  secondary  wire  be  inserted  in  the  multi- 
plier now  in  one  direction  and  then  in  the  opposite. 

As  an  example  of  the  method  here  discussed,  I  cite,  abridged^ 
the  record  of  one  measurement : — 

19M  October  1871;  Series,  12  Daniell's  elements  weakened 
by  10  Siemens's  resistance.     Roll  at  1000  millims. 

Number  of  primary  turns  7i'  =  250-200  + 150-100=  100. 

Temperature  at  the  ring,  ^^  =  16°'7  C;  temperature  at  the 

multiplier,  t^=^9P'1 .     Hence  W  =  ll-874x  10>o^^^. 

Distance  of  the  scale  from  the  mirror  of  the  magnet  =2125*3 
scale-divisions. 

Logarithmic  decrement  X  =  0'l-110;  consequently 

A  7r;x 

logf^"''     X=:0-0G588. 

Duration  of  an  oscillation  of  the  magnetometer  undamped, 
T  =  20-419  seconds. 

Direction-force  of  the  same,  H  =  1-9820  milligr.*  millim."^ 
see.— 1. 

The  eight  positions  of  equilibrium  of  the  magnet  (with  three 
combinations  of  C,  and  Cj  and  both  ways  of  connexion  of  the 
secondary  wire  with  the  multiplier)  were,  corrected  for  the  final 
distance  of  the  scale  from  the  mirror  : — 

G21-5  •401.-8 

G22-2  406-2 

C23'3  405-9 

621-7  405-4 

Means  .  .  62207  405^57 

The  corresponding  movements  of  the  magnet  through  induc- 
tion-siiocks  were : — 


243-4 

214-4 

241-7 

244-5 

241-9 

244-4 

243-7 

244-4 
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Consequently  o  =  108-23  sc. ;  A  =  .243-46  sc. 
Hence  we  obtain 

5  =  8-3700. 10^^^-,   i=4-2656'^'°-^'"g''-^, 

I  second'  sec.        ' 

and,  lastly, 

A- =  136-22,  R  =  71-830-»^. 

mm.^  sec. 

With  feebler  currents  this  metliod  required  a  modification,  as 
the  measurement  of  such  currents  by  removing  the  roll  would 
be  too  inexact.  This  could  be  remedied  by  inserting  a  bridge 
before  the  wire  P,  so  that  only  the  current  in  P  would  be  weak- 
ened. iMostly,  however,  for  such  cases  the  arrangement  was 
adopted  which  KirchhofF  employed  in  his  measurement  of  the 
induction-constant.  The  series  K  (PI.  III.  fig.  4),  the  primary 
wire  P  of  the  ring,  the  secondary  wire  S,  and  the  multiplier  j\l 
of  the  magnetometer  formed  a  circuit,  which  was  divided  into 
two  branches  by  means  of  a  bridge  B  of  small  resistance.  By 
the  commutator  C,  the  current  in  P  was  reversed,  and  by  the 
commutator  C^  ^^^  disposition  of  the  wire  of  the  multiplier  was 
changed. 

The  currents  induced  in  S  when  C,  is  shifted  pass  almost  ex- 
clusively in  the  circuit  SBM  ;  while  the  current  from  the  gal- 
vanic apparatus  passes  for  the  most  part  in  K  B  P,  only  a  small 
portion  of  it  going  through  M  and  being  used  for  the  measure- 
ment. As  the  reduction-constant  of  the  multiplier,  which  serves 
for  the  determination  of  absolute  current-intensities  from  ob- 
served readings,  had  been  previously  ascertained,  the  current  /'„, 
in  the  multi])lier  could  be  calculated  in  absolute  measure.  Fi- 
nally, from  the  known  resistances  of  M,  S,  and  B  the  whole  mag- 
netizing current  i  in  P  was  obtained. 

E 

NoWj  with  respect  to  the  quantity  -r-  required  for  the  calcula- 
tion of  ky  it  is  easily  seen  tfiat  it  becomes  =tvi,'~"',  if  /r^  denotes 

the  absolute  resistance  of  the  bridge  B,  and  J„,  the  integral  value 
of  the  induction-current  in  the  multiplier.  (It  is  here  presup- 
posed that  7^4*  may  be  neglected  in  comparison  with  the  product 
of  tlie  two  resistances  KBP  and  SB^I,  which  was  admissible 
in  all  the  experiments.) 

As  a  bridge  M  sf long  copper  wires  were  used,  each  with  its 
ends  soldered  to  two  small  forks  of  thicker  wire,  which  were 
amalgamated  beneath  and  dipjjcd  into  mercury-eujjs  (fig.  5). 
The  resistance  of  the  proper  wire  1B2  (from  the  place  of  solder- 
ing, 1,  to  the  other,  2)  is  to  be  regarded  as  the  quantity  denoted 
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by  Wh.  This  resistance  was  determined  by  Thomson's  method*, 
with  only  a  slight  modification,  which  was  required  by  the  cir- 
cumstance that  I  had  not  to  measure  off  two  resistances  accord- 
ing to  a  given  ratio,  but  to  compare  each  two  already  definitively 
measured  and  prepared  resistances.  In  this  manner,  for  the  four 
bridges  used,  the  resistances  w^,  at  20°"4  C.  were  found  to  be 
respectively  equal  to 


1-1626x108^    3  2589x108 

sec. ' 


mm 


1-1683  X    „     „       2-2811 X    „    „  ; 
so  that  by  using  the  two  small  wires  in  juxtaposition  a  resistance 
is  obtained  which  amounts  to  less  than  0*002  of  the  least  value 
of  SMB. 

In  all  other  respects  the  method  of  measuring  was  identical 
with  the  one  first  described :  now  the  first  defiections  of  the 
magnet  were  observed ;  then  the  multiplication  method  was  em- 
ployed. The  disturbing  influence  of  the  extra  currents  (which 
now  proceeded  only  from  the  wire  P),  as  well  as  of  the  interrup- 
tion of  the  current,  tends  always  to  diminish  the  deflection  of  the 
magnet,  which  is  occasioned  by  the  primary  current  and  has  to 
be  calculated  from  multiplied  readings.  This  influence  it  is  easy 
to  eliminate ;  the  mean  value,  however,  of  the  induction-deflec- 
tions is  not  affected  by  it,  if  we  always  carry  out  the  two  shift- 
ings  of  the  commutator  Cj. 

I  give  also  an  example  of  this  second  method  : — 

September  3,  1871.    One  Daniell ;  «  =  800;  secondary  wire 

=  division  of  100  turns.     Consequently  ^^'""^^*  =  668-30  (»',  is 

''         Wi, 

the  resistance  of  the  branch  B  M  S  B,  fig.  4). 

In  B  the  two  smaller  bridges  were  inserted  in  juxtaposition; 

temperature  =  21°-2 ;    consequently  z/'j  =  5-8687  x  10"  -/  • 

Further 

T  =  20-640,     X=0-16571,     11  =  20018,     D  =  2261  sc. 

The  multiplications  (10  readings  each)  gave  as  positions  of 
equilibrium  of  the  magnet, 

409-80,     584-67,     584-78,     109-68,— 

and  as  the  values  of  the  induction-deflection, 

124-23,     122-83,     122-61,     12390. 

Correction  for  extra  currents  =1-81-. 
From  this  we  find 

«= 89-33  sc,     A  =  123-40  sc., 

*  Phil.  Mag.  S.  4.  vol.  xxiv.  p.  141)  j  Wiedemann,  Galvanisinus,  vol.  ii. 
1).  lUlG. 
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and,  finally, 

/c=  103-33,     R  =  15-57. 

The  results  of  my  mcasui-cmcnts  are  collected  in  the  following 
Tabic :— 


R. 

k. 

R. 

k. 

R. 

k. 

R. 

k. 

4-302 

21-54 

1 

!     1047 

513-5 

83-20 

120  0 

195-7 

0193 

0-497 

23-78 

2321 

157-0 

91-40 

112-2 

205-9 

5922 

7-017 

20-44 

3212 

174-2 

100-35 

108-1 

217-0 

50-47 

9-220 

40-95 

35-02 

172-3 

105-03 

104-2 

228  0 

53  92 

10  53 

5110 

1     38-14 

1707 

11118 

9712 

235-8 

52-88 

11-51 

59-76 

40-38 

168  9 

119-6 

93-97 

2522 

49-68 

12-GO 

08-70 

52-47 

161-6 

1326 

87-70 

272-7 

47-29 

13-07 

70-53 

07-89 

141-7 

1401 

82-08 

288-2 

44  04 

14-94 

84  53 

71-83 

130-2 

1500 

75-43 

296-1 

4365 

15-00 

104-48 

75-55 

1321 

179-3 

1 

66-87 

307-3 

4213 

From  these  data  the  continuous  curved  line  in  fig.  6  is  drawn  ; 
its  abscissrc  represent  the  values  of  R,  and  its  ordinates  the  cor- 
responding values  of  k.  The  two  dotted  lines  arc  drawn  after 
the  above-calculated  series  of  experiments  of  Von  Quintus  Icilius. 
We  see  that  at  the  higher  values  of  R  the  course  of  all  three 
curves  is  very  similar,  while  at  the  lower  values  the  curve  ob- 
tained by  me  has  a  much  steeper  ascent. 

As  is  well  known,  the  number  k  varies  when  the  temperature 
of  the  iron  undergoes  considerable  variations.  This  temperature, 
in  the  case  of  my  ring,  could  not  be  stated  exactly.  The  tempe- 
rature at  the  place  of  observation  sank  considerably  during  the 
time  the  investigation  was  proceeding  (September  and  October 
1871);  but  this  was  partly  compensated  by  my  using  gradually 
more  and  more  powerful  decomi)osing  forces,  so  that  the  ring 
was  more  and  more  heated  by  the  ])iimary  current  (partly  also, 
])erhaj)s,  by  the  remagncti/.iug  itself);  therefore  most  of  the 
measurements  refer  to  15^^-20°  C.  A  considerable  augmenta- 
tion of  k  appeared  only  when  once,  towards  the  close  of  the  in- 
vestigation, I  intentionally  caused  the  current  from  l-l-  zinc- 
carbon  elements  to  pass  through  the  primary  wire  until  it  was 
heated  from  lO'^  to  10";  the  results  of  such  experiments  are  not 
com|)ri.>ed  in  the  Table. 

Willi  certain  arrangements  for  the  ])ositive  determination  of 
the  tcmpcrat\ire  of  the  iron,  similar  methods  could  be  employed 
for  the  investigation  of  the  influence  of  temperature  on  the  mag- 
netiyjng-function.  It  would  moreover  be  desirable  to  extend 
such  measurements  to  various  sorts  of  iron,  in  which  the  course 
of/  might  exhibit  considerable  deviiifions.  It  would  also  be  to 
the  purpose  to  make  use  of  thinner  rings  for  the  measuicmcnts 
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than  tlie  one  above  desci-ibed,  because  thej^  must  furnish  moie 
accurate  results,  provided  that  the  form  of  the  ring  be  verified 
Avith  equal  exactness*.  It  has  not  yet  been  possible  for  me  to 
complete  my  work  in  the  directions  mentioned. 

The  closer  investigation  of  this  subject  might  present  many 
and  various  points  of  interest.  On  the  one  hand,  a  deeper  insight 
would  be  thereby  gained  into  the  essence  of  that  molecular  pro- 
cess which  we  designate  as  the  ma2:nctizatiun  of  a  substance. 
From  the  facts  here  considered  it  seems  to  follow  that  the  hypo- 
thesis of  the  existence  in  iron  of  convertible  molecular  magnets,  in 
the  form  in  which  it  is  developed  by  "Weber  fj  does  not  correspond 
to  the  course  of  the  phenomenon  with  feebler  decomposing  forces. 
On  the  other  hand,  more  exact  knowledge  of  the  function  k  might 
be  of  practical  utility,  especially  in  the  construction  both  of  elec- 
tromagnetic motors  and  of  those  magneto-electrical  machines  of 
a  newer  kind  (those  of  Wilde,  Siemens,  Ladd,  &e.)  in  which  the 
temporary  magnetizing  of  iron  plays  so  important  a  part. 

In  conclusion,  to  Geh.  Hofrath  Kirchhoff,  in  whose  laboratory 
this  research  was  carried  on,  and  who  kindly  assisted  me  with 
his  advice,  I  most  heartily  express  my  gratitude., 

Heidelberg,  October  1871. 
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IT  had  long  been  observed  that  a  certain  number  of  solutions 
— for  example,  of  nephritic  wood  {lignum  nephriticum)  — 
possessed  the  property  of  giving,  in  incident  light,  a  peculiar 
reflection,  quite  different  from  the  colour  presented  by  the 
same  bodies  in  transmitted  light.  Brewster  and  Ilerschel  were 
the  first  to  recognize  that  this  property  extended  to  a  great 
number  of  substances  ;  they  thought  to  explain  it,  the  one  by 
internal  dispersion,  the  other  by  a  peculiar  reflection  at  the  sur- 
face. It  is  to  Stokes  that  we  are  indebted  for  having  established 
that  the  change  thus  produced  in  the  composition  of  the  incident 
light  does  not  result  solely  from  reflection  or  absorption,  but 
from  the  substance  itself  becoming  luminous  under  the  influence 

*  Equation  (I)  for  example,  is  strictly  correct  only  under  the  assumption 
that  in  a  cross  section  of  the  ring  the  number  k  can  always  be  regarded  as 
a  linear  function  of  p.  The  Tulilo  of  results  proves  that  even  with  my  ring 
(in  which  the  quantity  p,  or  also  the  decomi)osiug  force,  i)roportional  to 

i,  varies  10  per  cent,  within  the  cross  section)  this  was  almost  everywhere 

admissible. 

t  Electrodyn.  Maasshcst.xo].  iii.  art.  2(). 

X  Abstract,  by  the  Author,  of  tlie  complete  Memoir  in  Poggcndorff's 
Annalen,  vol.  cxlvi.  pp.  Go,  2'J'2,  375,  &  508. 
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of  incident  light  and  emitting  radiations  whose  refraugibility  is 
different  from  that  of  the  exciting  rays.  It  was,  again,  this 
savant  who  introduced  into  science  the  word  "fluorescence"  to 
designate  this  phenomenon,  on  account  of  its  being  particularly 
noticeable  on  certain  varieties  of  fluor  spar. 

Stokes  studied  a  great  number  of  substances  with  respect  to 
their  fluorescence,  and  in  this  way  arrived  at  the  important  law 
that  the  refraugibility  of  the  light  of  fluorescence  is  never 
greater  than  that  of  the  exciting  rays.  The  results  obtained  by 
Stokes  have  since  been  confirmed  and  extended  by  the  labours 
of  other  physicists,  particularly  JM.  V.  Pierre. 

I  was  induced  to  undertake  in  my  turn  the  study  of  this  sub- 
ject, because  from  different  quarters  there  were  sent  to  me,  to 
be  submitted  to  a  more  searching  examination,  substances  pos- 
sessing in  a  high  degree  this  interesting  property.  1  soon  per- 
ceived that  a  theory  of  the  singular  phenomenon  would  not  be 
possible  until  we  possessed  more  exact  observations  than  those 
which  had  hitherto  been  made.  I  extended  my  researches  not 
only  to  these  new  substances,  but  also  to  those  previously 
studied.  I  turned  my  attention  more  particularly  to  three 
points,  namely  : — 

1st.  Determination  of  the  limits  and  the  maxima  of  fluores- 
cence :  the  question  here  was,  to  ascertain  in  what  parts  of  the 
spectrum  fluorescence  begins  and  ends — and  to  see  in  each  par- 
ticular case  if  there  was  one  or  several  maxima,  always  fixing 
their  exact  position. 

The  method  which  I  made  use  of  for  this  purpose  consisted 
in  the  direct  projection  of  the  solar  spectrum  on  the  surface  of 
the  liquid. 

2nd.  Study  of  the  absori)tion-spectrum  of  the  fluorescent 
substances,  and  verification  of  the  relation,  first  clearly  esta- 
blished by  Stokes,  between  absorption  and  fluorescence— consist- 
ing in  this,  that  in  all  portions  of  the  spectrum  where  there  is 
fluorescence  there  is  also  absorption  of  the  exciting  rays. 

."ji'd.  Spectral  analysis  of  the  light  emitted  by  fluorescence. 
Here  the  object  was,  to  know  the  liuiits  between  wlucii  the  spec- 
trum ])roduccd  by  fluorescence  extends,  and  to  fix  the  position 
of  the  maximum  or  maxima,  according  as  the  spectrum  presented 
only  one  or  several  luminous  bands  separated  by  dark  portions. 
In  this  part  of  my  work  I  applied  myself  to  find  out  especially 
whether  modincations  in  the  composition  of  the  incident  light 
(that  is  to  Hay,  that  which  excites  the  fluorescence)  involve  mo- 
difications in  the  light  emitted  by  the  fluorescent  substance: 
with  this  aim  I  cmjiloycd  different  sources  of  light  for  its  pro- 
duction. 

The  method  employed  in  these  researches  was,  to  throw  the 
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light  of  fluorescence,  by  a  mirror  properly  arranged  for  the  pur- 
pose, on  the  slit  of  a  large  spectroscope,  with  the  aid  of  which  it 
was  analyzed. 

I  studied,  in  all,  thirty-six  substances.  I  shall  mention  here 
only  some  which  are  perhaps  less  known. 

Solution  of  Morine  Alum. — This  liquid,  which  gives  a  fine 
fluorescence,  is  obtained  (as  JM.  Goppelsroder  has  shown)  by 
dissolving  precipitated  morine  alum  (Cuba  lac)  in  alcohol  acidu- 
lated with  chlorhydric  acid. 

Naphthaline-rose  (called  in  England  Magdala  red)  dissolved 
in  alcohol. — This  substance,  one  of  the  colouring-matters  ob- 
tained from  tar,  was  discovered  by  ]M.  Schiendl,  of  Vienna,  and 
was  afterwards  studied  by  M.  A.  W.  Hofmann.  It,  too,  exhibits 
a  remarkable  fluorescence,  intense  and  beautiful,  of  yellow  light. 
Thionielic  Acid. — Whoever  has  made  any  elementary  studies 
in  chemistry  knows  that  after  heating  for  some  time  a  mixture 
of  alcohol  and  sulphuric  acid,  as  is  done  in  the  preparation  of 
olefiaut  gas,  we  obtain  a  thick  greenish  black  residuum.  M. 
Erdmann  has  given  to  this  substance  the  name  of  thionielic 
acid.  M.  Goppelsroder  drew  my  attention  to  the  remarkable 
fluorescence  of  this  liquid. 

Amide  of  Phthalic  and  Amide  of  Terephthalic  Acids. — Under 
this  double  denomination  I  designate  two  substances,  the  so- 
lutions of  which  in  alcohol  and  ether  give  a  beautiful  green 
and  blue  fluorescence,  and  which  M.  Hugo  Miiller,  of  London, 
has  described  as  amides  obtained  by  the  reduction  of  nitro- 
phthalie  and  nitrotercphthalic  acids. 

Phthaleine  of  Resorcine  or  Fluoresceine . — This  substance, 
which  gives  a  magnificent  green  fluorescence,  was  sent  me  by  M. 
Ad.  Baeyer. 

I  shall  not  here  give  in  detail  the  results  of  my  observations ; 
they  will  be  found  in  full  in  my  complete  memoir  in  Poggen- 
dorfi"'s  Annalen ;  but  I  will  come  at  once  to  the  general  conclu- 
sions set  forth  by  my  labours.  And  first  I  must  remark  that 
the  property  in  question  presents  itself  under  the  most  varied 
forms.  There  can  be  no  doubt  that  here  we  have  to  do  with  a 
phenomenon  which,  conformably  to  what  takes  place  with  most 
physical  effects,  depends  essentially  on  molecular  constitution 
and  chemical  composition — each  substance  appearing  as  an  iso- 
lated individual  with  special  characteristic  properties,  in  such 
manner  that  it  is  very  difficult  to  lay  down  general  laws  suffici- 
ently exact.  In  the  sequel  I  shall  endeavour  to  demonstrate 
this  view. 

Fluorescence  in  the  Spectrum  or  Fluorescent  Spectrum. — To 
the  question  whether  all  the  radiations  of  the  spectrum  arc 
capable  of  exciting  fluorescence,  we  can  answer  iu  tlic  affirma- 
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tive.  Only  the  rays  beyond  B  can  be  excluded  from  the  num- 
ber of  those  which  produce  fluorescence ;  at  least  I  know  of  no 
substance  which  is  fluorescent  in  that  portion  of  the  spectrum. 
But  when  we  consider  that  the  light  emitted  by  fluorescence  is 
less  refrangible  than  the  exciting  raj-s,  we  can  well  understand 
how  it  is  that  fluorescence  excited  in  the  extreme  red  is  not 
visible  to  our  eyes. 

As  regards  the  greater  or  less  extent  of  fluorescence  in  the 
spectrum,  great  diff"erences  arc  found  between  diff'erent  sub- 
stances. There  are  cases  in  which  fluorescence  commences  in 
the  violet,  after  the  line  G — for  example,  fluor  spar,  and  a 
solution  which  I  flrst  studied  and  which  must  contain  bisulph- 
anthrachinon ;  while  in  other  cases  it  extends  nearly  through 
the  spectrum,  as  takes  place  with  ethereal  and  alcoholic  solution 
of  chlorophyl,  alcoholic  solution  of  naphthaline-rose  and  thio- 
melic  acid.  In  the  direction  of  the  extreme  violet,  fluorescence 
always  extends  beyond  the  group  II. 

In  respect  of  intensity  in  the  diff'erent  parts  of  the  spectrum 
this  remarkable  fact  presents  itself — that  in  a  great  number  of 
cases  several  different  maxima  of  fluorescence  are  observed,  sepa- 
rated by  bands  of  relative  minimum.  These  maxima  are  not 
all  equally  marked ;  the  difference  of  brightness  between  them 
and  the  minima  likewise  varies. 

The  number  of  these  maxima  also  is  very  variable.  Thus, 
for  example,  seven  are  observed  with  fresh  solution  of  chloro])hyl, 
live  with  solution  of  lampblack  in  alcohol  or  tur})entinc,  tiiree 
with  naphthaline-rose,  alcoholic  solution  of  turnsole,  purj)urine 
in  alum,  and  uranium  glass,  two  with  the  alcoholic  solution  of 
guaiacum  resin,  and  only  one  with  solution  of  morine  alum  and 
thiomelic  acid  and  with  the  solutions  of  sulphate  of  quinine, 
sesculinc,  fraxino,  photene  or  anthracene,  petroleum,  and  nitrate 
of  uranium. 

Correlation  of  Fluorescence  and  Absorption. — The  fact  that 
wherever  incident  light  jjroduces  fluorescence,  absorption  exists 
at  the  same  time,  is  a  consequence  of  the  law  of  the  conserva- 
tion of  vis  viva  which  it  was  easy  to  foresee.  In  my  observa- 
tions I  continually  saw  absorpti(m  accompany  fluorescence; 
often  the  absorption-spectrum  could  even  serve  to  determine 
more  jjrccisely  tiie  maxima  of  fluorescence.  What  is  still  more 
remarkable  is  the  inverse  fact  recognized  by  Stokes,  tliat,  in 
fluorescent  substances  in  general,  absorption  is  always  accom- 
panied by  fluor(!scencc,  wliich  was  not  necessarily  to  be  fore- 
seen;  for  ill  otlicr  coloured  iKpiids  there  is  often  absorption  of 
light  without  fluorcsccnee.  On  this  hist  point  in  jiarticular, 
ahhongh  my  researches  have  fully  coiiliniietl  tiie  e()iine\ion 
already  known  between  the  two,  yet  1  have  found  cases  in  which 
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the  substance  studied  exhibited  in  certain  places  a  peculiar 
absorption  in  addition  to  that  corresponding  to  the  fluorescence. 
It  is  so,  for  example,  with  the  aqueous  solution  of  turnsol, 
solution  of  purpurine  in  soda,  and  nitrate  of  uranium  either 
solid  or  dissolved. 

Spectra  of  the  Light  emitted  by  Fluorescence,  or  Fluorescence- 
Spectra. — I  have  given  particular  attention  to  the  study  and 
description  of  fluorescence-spectra,  which  are  presented  under 
the  most  varied  forms.  I  shall  here  notice  only  those  which 
appear  to  me  of  sj)ecial  interest. 

The  different  kinds  of  light  already  known  to  be  emitted  by 
fluorescence  present  the  greatest  variety  in  their  colours,  accord- 
ing as  they  are  red,  orange,  yellow,  green,  blue,  or  violet ;  but 
it  is  only  by  spectral  analysis  that  an  exact  idea  can  be  obtained 
of  their  composition. 

It  is  moreover  established  that  there  are  very  great  differences 
in  the  breadth  of  the  fluorescence-spectrum.  That  of  ehlo- 
rophyl  has  the  least  breadth ;  it  is  so  narrow  that  we  might 
almost  suppose  that  the  light  thus  emitted  is  a  homogeneous 
red.  Those  of  thiomelic  acid,  fluor  spar,  and  others,  on  the 
contrary,  exhibit  a  very  great  breadth ;  the  fluorescence-spectra 
of  these  substances  include  rays  belonging  to  the  different 
portions  of  the  spectrum  from  the  red  to  the  violet. 

An  interesting  point  to  note  is,  that  in  a  great  number  of 
cases  the  fluorescence-spectrum  offers  a  very  unequal  distri- 
bution of  luminous  intensity :  we  have  in  them  a  series  of 
brighter  bands,  maxima  of  luminous  intensity,  separated  from 
one  another  by  other  bands  more  or  less  obscure;  it  is  right, 
however,  to  remark  that  these  bands  are  not  sharply  deflned, 
but  pass  gradually  into  one  another ;  and  the  dark  bands  arc 
not  absolutely  black,  but  more  or  less  shaded  zones.  I  have 
observed,  for  example,  eight  maxima  in  the  tluorescencc-spec- 
trum  of  nitrate  of  uranium,  six  maxima  in  that  of  photene  or 
anthracene  and  in  that  of  j)etroleum,  five  maxima  with  uraniuna 
glass  and  the  extract  of  lampblack,  three  very  distinct  with 
solution  of  guaiacum,  three  less  decided  with  iiuoresceine,  two 
equally  well-marked  maxima  with  alcoholic  solution  of  turnsol, 
solution  of  orchil,  and  fresh  solution  of  chlorophyl  in  ether,  two 
maxima  also,  but  less  clear,  with  oxide  of  brasilinc,  sulphate  of 
quinine,  rcsculinc,  and  tincture  of  curcuma,  and  only  one  maxi- 
mum (consequently  no  intermission  in  the  intensity  of  the  light) 
with  solution  of  morine  alum,  naphthaline-rose,  thiomelic  acid, 
and  fluor  spar. 

The  difference  in  luminous  intensity  between  the  maxima  and 
miuin:a  in  the  fluorescence-spectra  varies  a  great  deal :  the 
maxima  in  the  case  of  nitrate  of  uranium  form  very  neat  bands 


62         M.  E.  HagenbacVs  Experiments  on  Fluorescence. 

with  sharply  defined  edges  ;  while  with  fluoresceine,  which  gives 
a  fluorescence  identical  in  appearance  with  that  of  the  former 
solution,  similar  intermissions  are  hardly  to  be  distinguished. 

It  might  be  supposed  that  the  interruptions  in  the  spectrum 
projected  upon  the  surface  of  a  fluorescent  substance  correspond 
to  the  intermissions  of  its  fluorescence-spectrum,  the  one  being 
the  determining  cause  of  the  other  :  there  are  cases  in  which  we 
might  believe  such  a  coincidence  to  exist ;  solutions  of  lamp- 
black, for  instance,  give  five  maxima  in  the  spectrum  thrown 
on  their  surface,  and  likewise  five  maxima  in  the  fluorescence- 
spectrum.  But  what  is  observed  in  a  great  number  of  other 
cases  demonstrates  that  in  no  instance  have  we  here  to  do  with  a 
simple  relation.  Fresh  solution  of  chlorophyl  gives  seven 
maxima  in  the  spectrum  projected  upon  its  surface,  but  only  two 
in  its  fluorescence-spectrum ;  naphthaline-rose  gives  three  very 
pronounced  maxima  in  the  first  case,  and  no  intermission  in 
the  second;  on  the  contrary,  nitrate  of  uranium,  which  gives  no 
interruption  in  the  spectrum  thrown  on  its  surface,  shows  two 
very  marked  maxima  in  the  spectrum  of  its  fluorescence. 

Intermission  in  the  projected  spectrum,  as  well  as  in  that  of 
fluorescence,  may  in  some  cases,  as  those  of  the  solutions  of 
guaiacum,  purpurine,  orchil,  and  turnsol,  be  explained  by  the 
fact  that  they  are  mixtures  of  several  colouring-matters. 
Nevertheless  in  other  cases,  where  the  colouring  substance  is  a 
pure  crystallizablc  body,  one  can  no  longer  sec  in  mixture  the 
cause  of  the  intermission. 

Stokes's  Laic. 

We  have  already  mentioned,  at  the  opening  of  this  article, 
the  law  of  Stokes,  which  states  that  the  light  emitted  by  fluo- 
rescence is  never  more  refrangible  than  the  exciting  rays. 

M.  Lommel  has  recently  contested  the  accuracy  of  this  law, 
on  the  ground  of  a  scries  of  observations  made  by  him  on  naph- 
thaline-rose and  chlorophyl.  IMy  own  experiments  have  con- 
trarily  led  me  to  recognize  the  perfect  correctness  of  Stokes's 
law  in  all  possible  cases.  The  other  laws  which  it  has  been 
thought  micht  be  introduced  into  the  domain  of  fluorescence 
have  not  found  their  verification  in  these  researches. 

Iiijlucncc  of  tlw  Solvent. 
The  liquid  in  whicii  the  fiuorescent  substance  is  dissolved 
exerts  sometimes  an  influence  on  the  nature  of  the  light  emitted; 
but  here,  again,  no  precise  rule  can  be  established.  The  iiifhi- 
enccofthc  solvent  jnanifests  itself  in  many  rases  by  disi)lace- 
ment  of  the  bands  f)f  nuiximum  in  liie  projected  s|)ectrMin  ;  thus 
the  holutions  of  the  amide  of  phthalic  aeid,  of  elilorophyl,  pur- 
puriue,  &c.  are  distinguished  from  the  others  by  the  bands  being 
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nearer  to  the  violet.  The  colour  of  the  fluorescence  and  the 
position  of  the  maxima  in  the  fluorescence-spectrum  also  change 
in  some  cases  with  the  nature  of  the  solvent ;  this  is  seen,  for 
instance,  with  the  amide  of  phthalic  acid  and  with  solutions  of 
lamp-black.  On  the  other  hand,  there  are  cases  in  which  the 
solvent  appears  to  exert  no  influence,  either  on  the  spectrum 
thrown  on  the  surface  of  the  liquid  or  on  the  fluorescence- 
spectrum. 

Influence  of  the  State  of  Aggregation. 

When  a  substance  is  fluorescent  in  the  solid  state,  does  it  ne- 
cessarily follow  that  it  must  also  be  so  in  the  liquid  state,  and 
vice  versa  ?  The  answer  to  this  question  differs  according  to  the 
different  substances. 

There  are  substances,  as  the  double  cj'anide  of  platimvn  and 
barium,  which  are  fluorescent  in  the  solid  and  not  at  all  in  the 
liquid  state.  There  are  others,  such  as  nitrate  of  uranium, 
which  as  solids  give  a  very  intense  fluorescence,  and  as  solu- 
tions give  only  a  very  faint  one.  There  are  also  substances 
which  are  very  fluorescent  in  both  states  of  aggregation ;  it  is 
so  with  photene,  sugar  of  malt,  and  tincture  of  curcuma.  More- 
over some  substances,  feebly  fluorescent  in  the  solid  state,  are 
very  strongly  so  in  solution — e.g.  rcsculine,  sulphate  of  quinine, 
chlorophyl,  and  the  amides  of  phthalic  and  terephthalic  acids. 
There  are,  lastly,  substances  which  are  not  at  all  fluorescent  in 
the  solid  state,  while  they  are  so  in  the  liquid  condition — for  ex- 
ample, naphthaline-rose. 

Relation  between  Phosphorescence  and  Fluorescence. 

It  is  at  present  impossible  to  decide  whether  phosphores- 
cence and  fluorescence  are  two  altogether  distinct  phenomena, 
or  whether  there  is  an  insensible  transition  from  one  to  the 
other ;  the  presumptions,  however,  are  in  favour  of  the  latter 
view. 

This  question  can  only  be  satisfactorily  answered  when  we 
have  succeeded  in  ascertaining  in  some  substances  the  persist- 
ence of  fluorescence,  even  if  for  only  a  very  short  time.  I  have 
tried  to  obtain  this  result,  but  have  not  succeeded ;  nevertheless 
I  do  not  pretend  to  give  this  fact  as  decisive,  because  my  appa- 
ratus could  only  make  perceptible  a  })ersistence  of  yi^Vo  of  a 
second  or  more,  while  it  would  be  indispensable,  for  this  class 
of  experiments,  to  operate  with  apparatus  very  much  more  de- 
licate. 

I  remark  further  that  the  fluorescence-spectra  with  inter- 
mission which  wehave  demonstrated  for  a  great  number  of  sub- 
stances are  evidently  analogous  to  the  spectra  of  phosphorescent 
substances  studied  and  described  by  !M.  Edm.  Eecquerel.  This 
fact  would  also  tend  to  connect  the  two  classes  of  phenomena. 
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Theory  of  Fluorescence. 

I  do  not  intend  here  to  launch  into  a  criticism  of  the  diflferent 
theories  by  which  it  has  been  attempted  to  explain  fluorescence. 
I  will  merely  affirm  that  none  of  those  theories  is  adequate  to 
account  for  the  immense  variety  of  the  phenomena,  and  that  it 
will  be  long  before  any  future  theory  will  be  so. 

The  ideas  expressed  by  Stokes  are  still  at  present  the  best 
basis  for  an  attempt  at  a  theory  of  fluorescence.  Thus  we  must 
admit  with  him  that  the  undulations  of  the  aether  which  strike 
the  fluorescent  body  set  its  molecules  in  motion  and  cause  it  to 
become  self-luminous.  In  this  there  is  a  certain  analogy  with 
the  acoustic  phenomenon  of  bodies  vibrating  in  unison.  In  one 
point,  however,  the  difi^erence  is  very  great ;  spectral  analysis  of 
the  light  of  fluorescence  excited  by  homogeneous  light  does  not 
give  homogeneous  light,  but  an  infinity  of  radiations  of  different 
wave-lengths.  In  this  respect  fluorescence-spectra  approach 
the  spectra  of  incandescent  solids.  If  the  light  emanating  from 
a  homogeneous  substance  thus  presents  an  infinite  variety  of 
wave-length,  this  can  only  be  explained,  as  Stokes  has  already 
shown,  by  the  action  of  forces  which  are  not  merely  proportional 
to  the  first  power  of  the  amplitude,  and  in  this  way  produce 
undulations  for  which  the  period  of  an  oscillation  is  a  function 
of  the  amplitude.  Undulations  of  this  kind  must  be  admitted 
in  the  case  of  an  incandescent  solid  ;  for  without  that  we  can- 
not explain  to  ourselves  the  continuity  of  the  spectrum.  The 
incandescence  of  a  solid  body  constitutes,  in  my  opinion,  a 
relatively  simple  problem,  the  solution  of  which  it  is  indispen- 
sable to  have  before  we  pretend  to  explain  the  emission  of  light 
by  fluorescence.  The  light  emitted  by  incandescent  solids  of 
utterly  different  natures  is,  as  we  know,  identical ;  it  is  therefore 
independent  of  their  intimate  molecular  constitution,  which,  on 
the  contrary,  has  a  notabh;  influence  in  the  case  of  fluorescence, 
and  a(kls  to  the  complication  of  the  phenomenon.  It  is  clear 
that,  besides  the  theoretical  considerations  which  Stokes  was 
obliged  to  use  in  order  to  justify  the  law  which  bears  his  name, 
there  are  more  than  one  j)oint  which  it  is  important  ccjually  to 
tak(!  account  of — not  oidy  the  molecular  constitution  of  the 
substances,  but  also  the  more  or  less  gr(;at  mass  of  the  material 
molecule  compared  with  that  of  the  ether  atomv.hieh  jjuIs  it  in 
motion.  It  is,  besides,  only  by  means  of  a  complete  theory  of 
fluorescence  that  any  one  will  arrive  nt  a  satisfactory  exj)laMatiou 
(»f  Stokes's  law.  AVhat  has  hitherto  been  attenipted  of  the  kirul 
is  only  a  number  of  more,  or  less  venturesome  hypotheses.  I 
aflirm  only  that  theories  deviating  from  that  law  would  deserve 
no  credence. 
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The  Earth  a  Great  Marjiiet.  By  Alfred  Marshall  Mayek,  Ph.D., 
Professor  of  Physics  in  the  Stevens  Institute  of  Technology.  London  : 
Triibnerand  Co. 

^  j^'HIS  is  the  report  of  a  lecture  delivered  before  the  Yale  Scientific 
-^  Club  on  Februar)'  14,  1872,  in  which  the  lecturer  proposed  to 
present  to  his  audience  "  one  prominent  truth  in  simple  and  striking 
experiments."  The  truth  which  is  kept  steadily  before  the  mind 
throughout  the  lecture  is,  "  that  the  earth  is  a  great  magnet;" 
and  this  truth  is  developed,  step  by  step,  by  experiments  of  the 
most  conclusive  kind,  each  having  been  rendered  distinctly  visible 
to  the  audience  by  means  of  the  vertical  lantern,  so  that  the  pro- 
cesses of  magnetizing  and  demagnetizing,  with  all  the  interesting 
motions  of  the  needles,  were  seen  projected  on  a  luminous  screen 
of  eighteen  feet  diameter. 

The  lecture  itself  is  a  masterly  production,  and  exhibits  the  re- 
sult of  much  close  reading  as  well  as  experimental  research. 
Quotations  are  given  from  earlier  writers  on  magnetism,  illustra- 
tive of  the  sound  knowledge  which  they  possessed  ;  and  as  each 
experiment  illustrative  of  the  lecture  is  described  as  well  as  the 
apparatus  employed  in  manipulation,  the  reader  is  conducted  from 
a  consideration  of  the  most  ordinary  magnetic  phenomena  pre- 
sented by  bar  and  electro  magnets,  to  that  of  the  same  pheno- 
mena evolved  from  terrestrial  magnetism.  A  paragraph  selected 
from  the  closing  portion  of  the  lecture  will  fully  substantiate  this 
statement. 

"  Now  we  have  finished  our  experiments ;  and  what  have  they 
shown  ?  I  have  temporarily  magnetized  a  bar  of  soft  iron,  by 
pointing  it  towards  a  pole  of  our  large  magnet.  I  did  the  same 
•with  the  bar  and  the  earth.  I  permanently  magnetized  an  iron 
bar,  by  directing  its  length  towards  the  pole  of  the  magnet,  and 
vibrating  it  with  a  blow  of  a  hammer.  I  did  the  same  with  a 
bar,  struck  when  pointed  towards  the  earth's  magnetic  pole.  I 
have  shown  you  the  action  of  a  small  magnetic  disk  on  iron 
tilings  placed  above  and  around  it.  You  saw  that  the  earth  pro- 
duced the  same  action  on  the  beams  of  the  aurora.  I  showed 
you  the  action  of  this  disk  on  a  freely  susijended  magnetic  needle, 
and  pointed  out  to  you  the  earth's  similar  action  on  a  dipping-needle 
carried  over  its  surlace.  I  have  evolved  a  current  of  electricity 
from  a  magnet,  by  cutting  with  a  closed  conductor  across  those 
lines  in  which  a  magnetic  needle  freely  suspended  places  its  length. 
I  did  the  same  with  the  earth  by  cutting  across  those  lines  which 
are  marked  out  by  the  pointing  of  the  dipping-needle.  Tliere- 
fore,  what  am  I  authorized  to  infer  ?  "When  the  effects  are  the 
same,  the  causes  must  be  the  same ;  for  according  to  all  the  princi- 
ples of  philosophy,  and  conformably  to  that  universal  experience 
which  we  call  common  sense,  like  causes  produce  like  effects.'' 

To  those  who  are  desirous  of  possessing  in  a  compressed  form  the 
Phil.  Mag.  S.  4.  Vol.  45.  No.  297.  Jan.  1873.  F 
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leading  facts  of  terrestrial  magnetism,  we  strongly  recommend  a 
perusal  of  the  lecture. 

War  Department  Weather  Maps.  Signal-Service,  United-States  Army. 
Friday,  November  22,  1872. 

We  have  received  the  three  maps  of  the  above  date,  7.35  a.m. 
4.35  P.M.,  and  11  p.m.  Washington  time  respectively.  An  improve- 
ment has  been  introduced,  particularly  in  the  insertion  of  the 
Oceanic  Currents  with  their  velocities  per  hour.  The  land  sur- 
face is  coloured  green,  the  principal  mountain-ranges  shown,  and 
elevations  above  8000  feet  left  white.  A  distinction  is  made 
between  surftices  above  and  below  800  feet,  the  former  being 
darkly  shaded,  the  latter  lightly.  The  ordinary  isobars,  isotherms, 
state  of  weather,  &c.  are  shown  as  formerly. 

One  of  the  latest  results  of  the  operations  of  the  American 
Signal-Office,  as  reported  in  the  'New  York  Herald,'  Nov.  16,  is 
the  discovery  of  a  vast  aerial  wave  which  passed  over  the  8tates  in 
November.  It  originated  in  the  Pacific  Ocean,  and  was  traced  di- 
stinctly over  the  whole  breadth  of  the  continent ;  so  that  America  as 
well  Jis  Western  Europe  has  a  "  great  November  wave."  The 
American  storm-warnings  in  connexion  with  this  wave  were  issued 
from  two  to  three  days  in  advance. 

The  issue  of  three  maps  daily  is  of  great  advantage,  as  it  con- 
tributes so  much  more  efficiently  to  an  acquaintance  with  atmo- 
spheric changes,  than  by  an  issue  of  one  map  daily.  The  weather 
maps  of  the  English  Meteorological  Office  are  of  great  utility  ;  but 
this  utility  would  be  greatly  increased  by  two  additional  maps  being 
issued  daily,  for  4  p.m.  and  midiiiglit.  Probabilities,  as  on  the  American 
plan,  coidd  then  be  deduced  with  more  or  less  success,  either  officially 
or  privately  by  subscribers. 

7'he  Atmospliere  of  tlu  San.  The  Bede  Lecture,  1871.  By  J.  NoR- 
jiAN  LocKYER,  F.Ji.S.     London:  Macmillan  and  Co. 

This  Lecture  contains  a  resume  of  the  work  effected  by  !Mr. 
Lockyer  in  connexion  with  Dr.  Erankland,  relative  to  their  joint 
researches  on  Solar  Physics,  an  account  of  which  has  for  some 
time  been  before  the  pubUc.  The  lecture,  wliicli  is  well  conceived, 
is  based  uj)on  Newton's  query  of  (he  sun  and  fixed  stars  being 
great  eartlis  vehemently  hot,  from  which  vapours  and  exhalations 
arise  and  arc  compressed  and  condensed  by  the  vast  weight  and 
density  of  their  atmosphere. 

Th(!  remarks  of  Mr.  Lockyer,  bearing  on  ihc  reply  to  Newton's 
query,  arc  of  somewhat  a  desponding  character,  inasmuch  as  they 
allude  to  tlie  more  than  century  and  lialf  century  tliat  llie  world 
huH  had  to  wait  for  the  "outcome"  of  tlu^  nj)lcndid  genera- 
lization ])y  wliich  the  proof  has  been  obtained,  tliat  the  sun  and 
fixed  stars  an;  undoublcdly  «' vehemenlly  hot."  Nor  is  his  tone 
more  encouraging  towards  tlio  close  of  his  lecture  ;  for  in  speaking 
of  our  witnessing  tlic  l)ii-th  of  a  new  Hcicnce,  he  says  it  is  one 
■which  requires  costly  ajjjxiratus  and  a]>pliances  above  the  means 
of  most  individuals,  with  lliorouglily  organized  work  extending  over 
centuries.     How  then  is  the  science  of  the  sun  to  progress  ? 
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June  20,  18/2. — Sir  James  Paget,  Bart.,  D.C.L.,  Vice-President,  in 

the  Chair. 
THHE  following  communication  was  read  : — 
-'-       "On  Supersaturated  Saline  Solutions."     By  Archibald  Liver- 
sidge,  Assoc.  R.S.  Mines. 

There  is,  perhaps,  no  necessity  to  describe  in  detail  the  ordinary 
])henomena  presented  by  supersaturated  saline  solutions,  since  they 
must  now  be  well  known  to  all. 

The  following  series  of  experiments  have  chiefly  been  made  upon 
sodic  sulphate  ;  but  before  citing  them,  it  may,  however,  not  be  out 
of  place  to  briefly  allude,  en  passant,  to  the  conclusions  drawn  by 
the  numerous  writers  and  experimenters  upon  this  subject,  since  the 
results  of  my  own  experiments  are  supported  by  the  authority  of 
some  of  these  observers  and  run  counter  to  that  of  others. 

The  theories  which  have  been  put  forth  are,  in  the  main,  as 
follows :  — 

a.  That  the  crystallization  of  supersaturated  solutions  is  caused  by 
purely  mechanical  agencies,  such  as  agitation  &c.  The  principal 
supporter  of  this  view  was  Gay-Lussac,  who  wrote  in  1819.  It  has 
since  been  shown  to  be  utterly  untenable. 

ft.  That  the  sudden  crystallization  is  due  to  some  unknown  cata- 
lytic force.     Advocated  by  Lowell  in  1850,  but  since  disproved. 

y.  That  it  is  due  to  the  entrance  of  a  particle  of  the  same  salt. 
This  explanation  is  favoured  by  the  majority  of  the  writers  upon  the 
question,  such  as  Ziz  in  1809,  Gernez  in  1851,  Violette  in  18G0, 
Dubrunfaut  in  18C9,  by  Lecoy  de  Boisdandran,  and  others. 

c.  That  crystallization  is  due  to  the  presence  of  fatty,  oily,  greasy, 
or  other  matters  in  the  form  of  thin  films.  This  theory  was  pro- 
pounded by  Mr.  Tomlinson  in  two  papers*  read  before  the  Royal 
Society,  in  which  also  it  is  stated  that  certain  liquids,  such  as  abso- 
lute alcohol,  act  as  nuclei  in  determining  the  solidification  of  such 
solutions  by  separating  water  from  the  solution,  whereas  the  thin  film, 
on  the  contrary,  owes  its  activity  to  the  greater  attraction  which  it 
has  for  the  salt  held  in  solution. 

Preparation  of  the  Supersaturated  Saline  Solution. 

A  little  water  is  placed  in  the  flask,  boiled,  and  sodic  sulphate 
added  to  the  boiling  liquid  until  it  ceases  to  dissolve  any  more  and 
a  deposit  of  the  anhydrous  salt  begins  to  take  \)\iicc ;  the  solution  is 
then  filtered  and  transferred  to  .smaller  flasks,  usually  of  about  2  oz. 
capacity  ;  these  are  then  again  boiled  uj)  after  Ijcing  covered  with 
a  small  beaker,  watch-glass,  or  plugged  with  cotton-wool.  By  this 
method  any  nuclei  adhering  to  the  watch-glass,  beaker,  or  wool  are 
rendered  inactive,  even  should  they  fall  into  the  solution. 

The  solutions  are  always  used  of  such  a  degree  of  supcrsaturation 
that  crystals  of  the  anhydrous  salt  arc  deposited  during  the  boiling. 
*  I'liil.  Trans,  vol.  clviii.  pt.  ii.  and  vol.  clxi.  pt.  i. 
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Bo  some  liquids,  such  as  alcohol,  act  as  nuclei  by  comhining  ivifh  a 
portion  of  the  water  of  the  solution  and  liberating  a  little  salt 
which  acts  as  a  nucleus  ? 

Exp.  Supersaturated  solutions  of  socHc  sulphate  were  prepared, 
in  the  manner  described,  in  2-oz.  flasks,  which  were  closed  with  a 
plug  of  cotton-wool  through  which  a  bulb- 
tube  was  passed,  of  the  form  figured  *,  con- 
taining absolute  alcohol. 

After  waiting  some  time  to  be  certain 
that  nuclei  had  not  gained  admittance,  some 
of  the  alcohol  was  run  out  on  to  the  surface 
of  the  solution  by  momentarily  loosening  the 
stopper. 

This  experiment  was  repeated  many  times, 
at  different  temperatures  and  with  alcohol  of 
various  strengths  ;  but  never  did  the  alcohol 
act  as  a  nucleus. 

Previously  to  the  experiment  the  alcohol 
had  been  boiled  to  destroy  nuclei. 

Exp.  Concentrated  sulphuric  acid  was 
substituted  for  the  alcohol,  but  likewise  with 
no  result.  The  smallest  quantity  of  acid  was 
added,  so  as  to  prevent  any  undue  rise  in 
temperature,  which  would  of  course  vitiate 
the  result.  The  flask  was  likewise  kept 
cold  by  a  stream  of  water. 

In  a  later  form  of  these  experiments,  a 
small  glass  bulb  with   a   long   neck    blown 
from  glass  tubing,  such  as  is  used  in  tlu 
elementary  analysis  of  a  fluid  by  com- 
bustion, was  made  use  of. 

The  bulb  was  first  well  heated  in  n 
Bunsen  burner,  so  as  to  destroy  any 
nuclei  which  might  adhere  to  it;  then, 
while  Htill  hot,  theoj)en  end  was  dip- 
ped intothe  alcohol  or  acid  under  (rial, 
when,  of  course,  as  the  air  in  the  bull) 
cooled  some  of  the  li(|uid  was  forced 
up  into  it  ;  its  li(|uid  contents  were 
then  boiled  and  the  open  end  again 
dipped  intothe  fluid  ;  and  as  the  va- 
pour condensed,  more  fluid  was  forced 
u|)  into  it. 

The  tube  was  then  surrounded  by 
cotton-wool  and  inserted  into  the  neck 
of  the  flask,  and  tiic  supersaturated 
solution  boiled  up  tor  a  niouietit,  so 
as   to   render    the    whole   apparatus, 

•  Tlio  l<»<)|i  wiiH  iiiiul."  ill  lli<>tul)Outrt  UK  n»t')  iti'vciiI  iiiiy  flui'l  I'l-oin  oscM|>iii^,' 
until  ri'ijiiirwl. 
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cotton- wool  included,  inactive,  the  steam  escaping  through  the  inter- 
stices of  the  cotton  and  not  affecting  the  spirit.  When  cold  a  drop 
of  the  spirit  or  acid  was  delivered  by  merely  heating  the  glass  bulb. 

Exp,  Trial  was  next  made  of  several  solid  dehydrating  substances, 
such  as  calcic  chloride,  anhydrous  chromic  acid,  phosphoric  anhy- 
dride, freshly  ignited  quicklime,  &c. 

These  bodies  were  })laced  in  sealed  thin  glass  bulbs  and  heated 
nearly  to  redness  and  then  dropped  into  the  supersaturated  solution  ; 
the  flasks  were  plugged  w  ith  cotton-wool,  through  which  a  glass  rod 
passed,  and  boiled  up,  after  which  they  were  allowed  to  cool  for  some 
liours ;  when  quite  cold  the  bulb  was  broken  by  means  of  the  glass 
rod  and  its  coiitents  set  free,  but,  as  in  the  case  of  the  liquid,  with 
no  result. 

It  should  perhaps  here  be  mentioned  that  each  flask  was  always 
proved  to  be  thoroughly  supersaturated  by  dropping  in  a  crystal  of 
the  salt  or  touching  the  solution  with  a  dirty  rod,  after  the  sub- 
stance made  trial  of  was  found  to  be  wanting  in  nuclear  power. 

From  the  foregoing  it  appears  that  the  crystallization  of  super- 
saturated saline  solutions  is  not  determined  bj'  the  removal  of  water 
by  chemical  agency;  neither  do  porous  bodies,  like  wood,  charcoal, 
sponge,  spongy  platinum,  earthenware,  &c.,  determine  the  solidifi- 
cation of  solutions  by  mechanical  absorption  of  the  water. 

Concerning  the  action  of  thin  films. 

In  the  same  paper  it  is  stated  that  while  oils,  fats,  and  greasy 
bodies  generally  do  not  act  as  nuclei  when  chemically  clean  and  in 
the  bulk,  i.  e.  in  the  form  of  a  solid  mass,  lens,  or  drop,  yet  these 
identical  bodies  when  iu  the  form  of  thin  films  do  act  as  nuclei,  and 
that  any  substance  which  possesses  a  nuclear  action  has  derived 
such  power  from  having  become  contaminated  with  a  thin  film  of 
greasy  matter,  which  it  acquires  by  handling,  wiping  with  a  dirty 
cloth,  or  by  mere  exposure  to  the  air  containing  the  products  of 
respiration  and  other  excretions,  &c. 

Thus  in  the  series  of  experiments  detailed  it  was  found  that  such 
bodies  as  ether,  absolute  alcohol,  naphtha,  turpentine,  herring-oil, 
sperm-oil,  castor-oil,  and  many  others,  while  in  the  form  of  a  leus 
or  globule,  did  not  act  upon  a  supersaturated  solution,  but  did  im- 
mediately when  spread  out  into  a  thin  film. 

It  should  be  noticed  that  the  oil  was  added  to  the  solution  by 
removing  the  cover  of  the  flask,  delivering  the  drop,  and  then  repla- 
cing the  cover  ;  or  a  glass  tube  was  used  provided  with  a  shield  cover- 
ing the  mouth  of  the  flask  :  both  methods  have  the  great  ol»jection 
of  exposing  the  solution  to  the  air,  and  so  allowing  nuclei  to  gaiu 
access. 

It  is  stated  that  if  the  finger  be  cleaned  by  washing  it  in  alcohol 
or  caustic  potash,  or  by  j)assing  it  through  the  flame  of  a  spirit-h.mp, 
it  may  be  held  in  a  supersaturated  solution  for  some  time  witl  out 
causing  crystallization — but  that  if  it  be  rubbed  against  the  sides  of 
the  flask,  a  greasy  smear  is  produced  which  at  once  acts. 

The  writer  has  repeated  this  form  of  experiment  several  times,  but 
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never  with  the  above  result  when  sufficient  care  had  been  taken  to 
free  the  finger  from  nuclei. 

Hxp.  The  finger  was  made  greasy  by  dipping  it  into  oil  and  im- 
perfectly wiping  it  with  a  cloth ;  it  was  then  passed  many  times 
through  the  flame  of  a  spirit-lamp,  and  finally,  while  still  far  above 
its  normal  temperature,  inserted  into  a  flask  of  supersaturated  solu- 
tion :  the  flask  was  chosen  with  a  neck  such  that  it  could  be  entirely 
closed  by  the  thicker  part  of  the  finger.  The  flask  was  then  trans- 
ferred to  a  vessel  of  water,  lowered  artificially  to  38°  F.,  and  there 
kept,  with  the  finger  still  in  it,  for  several  minutes,  varying  in  dif- 
ferent experiments  from  10  to  15,  20,  25,  30,  and  35  minutes  ;  and 
although  the  finger  was  strongly  pressed  against  the  sides  of  the 
fla?k,  which  was  seen  to  be  smeared  all  over,  yet  crystallization  was 
not  set  up  when  the  solution  was  made  to  flow  over  the  finger-marks, 
which  were  plainly  visible.  That  the  solutions  were  not  warmed  by 
the  heat  of  the  finger,  and  so  rendered  inactive,  is  proved  by  their 
immediately  solidifying  on  the  insertion  of  a  dirty  glass  rod. 

-Ej/).  By  means  of  the  two  modifications  of  bulb-tube  already 
described  for  the  experiments  with  absolute  alcohol,  thin  films  of 
various  oils  and  other  bodies  were  formed  upon  the  surface  of  super- 
saturated solutions  without  inducing  crystallization.  That  is,  a  small 
glass  bulb  was  filled  with  the  oil  or  other  body  and  boiled,  then 
supported  in  the  neck  of  the  flask  by  a  plug  of  cotton  ;  the  supersa- 
turated solution  was  then  boiled  and  allowed  to  cool ;  when  quite  cold 
a  droj)  of  the  liquid  was  forced  out  of  the  bulb  on  to  the  solution  ;  then 
by  a  sudden  jerk  the  lens  or  small  globule  thus  obtained  was  flat- 
tened out  into  a  thin  film,  often  iridescent — but  without  causing  soli- 
dification. 

In  numerous  instances  the  temperature  of  the  solution  was  lowered 
by  means  of  ice-cold  water,  so  as  to  increase  its  sensitiveness,  but 
with  no  diff'erent  result. 

In  many  cases  the  oil  or  fatty  body,  such  as  olive-oil,  Russian 
tallow,  citronella-oil,  castor-oil,  &c.,  was  dissolved  in  ether  and  then 
used  ;  this  device  was  used  for  two  reasons: — first,  so  that  the  greasy 
matter  might  l)e  much  diluted  and  so  spread  over  a  large  surface, 
and  then  be  left  as  a  thin  film  on  the  evaporation  of  the  ether  ;  and 
second,  so  that  a  miu;h  smaller  ([uantity  of  the  oil  might  be  delivered 
at  a  time.  Usually  the  oil  collected  into  globules  shortly  alter  the 
evaporation  of  the  ether,  but  could  generally  be  spread  out  into  a  film 
again  by  imj)arting  a  sharp  twist  to  the  flask. 

Siipersat\irated  solutions  of  sodic  sulphate  having  films  of  oil, 
benzole,  turpentine,  citronella-oil,  &c.  upon  their  surface  have  been 
kept  by  the  writer  for  several  months  together,  aiul  some  even  as 
long  as  eighteen  months  :  it  is  true  that  the  oil  &c.  soon  lost  the 
form  of  an  iridescent  film,  but  coidd  be  made  to  assume  it  at  any 
moment  ;  and  the  above  lot  of  flasks  were  seldom  allowed  to  stand 
for  a  day  without  bi-iug  made  to  do  so,  i.e.  for  the  first  three  months 
after  their  preparation  and  at  greater  intervals  afterwards.  Kvcry 
now  and  then  a  flask  was  caused  to  eryslnllize  in  order  to  ascertain 
(hat  the  solutions  had  in  no  way  lost  tlieir  sensitiveness  to  a  dirty 


Mr.  A.  Liversidge  on  Supersaturated  Saline  Solutions.         71 

rod  ;  and  when  the  last  flask  of  all  was  proved,  it  had  stood  for  rather 
more  than  eighteen  months. 

One  explanation  accounting  for  the  activity  of  the  thin  film  as 
])repared  bvthe  eminent  aulhorof  the  paper  referred  to  maybe  this: — 
That  in  order  to  place  the  oil  upon  the  solution,  the  flask  was  opened 
and  exposed  to  the  air,  thus  affording  an  opportunity  for  nuclei  to  gain 
entrance  ;  and  also  they  may  have  been  carried  in  by  the  greasy  rod 
itself,  for  there  would  be  plenty  of  time  in  its  passage  for  it  to  pick 
nuclei  up  :  such  nuclear  bodies  would  probably  float  upon  the  surface 
of  the  disk  or  globules  of  oil,  and  would  not  come  into  contact  with 
the  solution  itself;  neither  might  they  touch  its  surface  even  when 
the  disk  was  broken  up  into  small  globules,  for  these  globules  would 
be  immensely  large  in  comparison  with  the  dimensions  of  the  nucleus 
itself;  but,  on  the  other  hand,  when  the  disk  was  flattened  out  into 
an  iridescent  film,  and  therefore  one  of  excessive  tenuity,  the  nuclei 
might  then  easily  fall  through  it,  come  into  contact  with  the  supersa- 
turated solution,  and  start  its  crystallization.  As  it  is  probable  that 
several  nuclei  would  enter  at  the  same  time,  they  would  naturally 
become  dispersed  by  the  jerk,  and  hence  crystallization  would  be  set 
up  at  various  points. 

That  nuclei  will  pass  through  the  substance  of  a  thin  film  is  shown 
by  the  solidification  which  almost  immediately  takes  place  on  expo- 
sing to  air  the  solution  covered  merely  by  a  film  of  oil,  turpentine, 
&c. ;  a  thick  coating  of  oil  is,  of  coarse,  one  of  the  best  means  we 
have  of  protecting  a  supersaturated  solution  from  nuclei. 

The  principal  substances  made  use  of  by  the  writer  for  the  forma- 
tion of  thin  films  were  as  follows  : — Citronella-oil,  olive-oil,  Russian 
tallow,  castor-oil,  camphor  in  alcohol,  creosote,  turpentine,  benzole, 
chloroform,  ether,  &c. 

Concerning  the  action  of  a  crystal  of  the  normal  sodic  sulphate 

upon  a  supersaturated  solution  of  the  same. 
It  is  well  known  that  there  are  three  modifications  of  sodic  sul- 
phate crystals : — 

1.  The  anhydrous  salt  (Na^SOJ,  crystallizing  in  octahedra,  and 
deposited  from  a  supersaturated  solution  on  further  concentration  ; 
these  crystals  are  inactive  to  a  supersaturated  solution. 

2.  The  modified  salt  (J!^ii^'^0^,7\^.,0),  containing  711.,  O,  formed 
in  a  supersaturated  solution  by  reduction  of  temperature  and  other 
causes ;  these  also  are  inactive,  and  admitted  to  be  so  by  all. 

.'{.  The  normal  salt  (Na.^  SO,,  lOII.^  O),  crystallizing  in  prisms  with 
dihedral  sunmiits,  and  containing  lUlI^O.  Usually  regarded  as  the 
best  nucleus.  Experiments  relating  to  its  behaviour  as  such  will  be 
detailed. 

It  is  always  the  normal  salt  (Na^SOj,  lOHjG)  which  is  formed 
when  a  solution  is  caused  to  crystallize  by  touching  it  with  a  dirty 
rod  or  by  exposing  it  to  the  air,  &.c. 

Experiments  were  made  with  recently  generated  crystals  of  the 
normal  salt. 

Exj).  Two  beakers,  containing  fully  supersaturated  solutions,  were 
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covered  with  wateh-glasses,  and  allowed  to  cool ;  in  one  of  the 
beakers  a  small  glass  bucket,  attached  to  a  thread,  had  been  placed 
and  boiled  up  with  the  solution.  Next,  both  beakers  were  arranged 
under  a  large  bell-jar,  and  the  silk  thread  from  the  bucket  passed  up 
between  the  stopper  and  the  neck  of  the  jar.  The  solutions  were 
then  uncovered,  after  waiting  ten  minutes  for  any  nuclei  which  might 
have  been  disturbed  to  fall ;  a  fine  wire  was  passed  down  into  the 
beaker  containing  the  bucket,  and  as  far  as  possible  from  the  part 
of  the  solution  through  which  it  would  pass  on  being  drawn  up. 

The  bucket,  now  full  of  the  crystallized  narmal  sodic  sulphate 
(Na.SO^,  lOH^O),  was  raised,  and  lowered  into  the  second  beaker 
of  still  fluid  solution  ;  immediately  that  the  point  of  one  of  the  crys- 
tals hanging  from  the  under  surface  of  the  bucket  touched  the  solu- 
tion, crystallization  was  set  up  instantaneously  throughout  the  mass. 

This  experiment  was  performed  many  times,  and  with  every  pos- 
sible care  to  prevent  the  entrance  of  nuclei  other  than  those  pur- 
posely borne  by  the  wire. 

A  modification  of  the  above  plan  was  tried  and  with  similar 
results. 

Exp.  A  tubulated  glass  bell  was  fitted  with  a  cork  bearing  two 
glass  tubes,  open  below  and  closed  above  with  cotton-wool ;  they 
were  bent  so  as  to  permit  both  of  them  being  placed  in  one  and 
the  same  beaker,  or  into  either  separately. 

In  the  first  place,  the  ends  of  the  tubes  inside  the  bell  were  freed 
from  nuclei  by  passing  them  through  a  flame  ;  two  beakers  of  cold 
supersaturated  solution  were  then  placed  in  position  under  the  bell- 
jar,  and  their  covers  removed.  After  waiting  five  minutes  or  so  for 
any  dust  to  settle,  both  tubes  were  next  lowered  into  one  of  the 
beakers,  on  opposite  sides,  so  as  to  be  as  far  apart  as  possible.  A 
dirty  wire  was  now  passed  down  one  of  the  tubes,  when,  of  course, 
crystalhzation  immediately  took  place,  and  was  propagated  across  the 
beaker.  Tlic  second  tube,  with  its  adhering  crystals,  was  then 
raised  and  lowered  into  the  second  beaker,  when,  the  moment  the 
extreme  jjoint  of  tlic  longest  crystal  touched  the  surface  of  the  so- 
lution, crystallization  immediately  started  from  that  point,  and  the 
whole  contents  Ijecame  solid. 

A  third  variation  was  then  made  in  this  experiment.  One  of 
the  two  beakers  was  replaced  by  a  U-tul)e  of  thin,  hard  glass,  one 
of  the  before-mentioned  tubes  being  inserted  into  either  limb.  Crys- 
tallization, when  net  up  in  one  Hnib,  travelled  roinid  the  bend  and  up 
info  the  other,  from  which  crystals  were  transferred,  as  before,  to  a 
beaker  or  flask  of  solution  also  \Mider  the  bell-jar. 

Tiie  three  modifications  of  this  form  of  experiment  were  tried  time 
after  time,  and  always  with  the  same  unvarying  result.  Solutions 
which  were  supersaturated  althotigh  not  ](erfectly,  and  therefore 
less  Bensitive,  were  operated  upon  in  this  way  ;  l)ut,  even  with  such 
less  favouralile  eireuinstances,  tiie  normal  crystals  always  started 
crystallizalion  in  liic  SDlution  to  which  they  were  added. 

roaj-certaiii,  if  possible,  whether  nuclei,  other  than  crystals  of  the 
norma!  salt,   were  carriccl   by   the  tube  or  its  adhering   crystals,  a 
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capsule  of  sulphuric  acid  was  placed  under  the  bell.  The  crust  of 
crystals  was  by  this  meaus  dried,  and  became  effloresced  to  a  greater 
or  less  extent.  Now,  on  lowering  them  into  a  supersaturated  solu- 
tion of  alum  or  of  magnesic  sulphate  they  were  proved  to  be  inactive, 
having  been  changed  to  the  inactive  anhydrous  salt. 

But  such  dried  normal  crystals  were  active  to  a  solution  of  sodic  sul- 
phate, even  after  three  days'  exposure  to  the  sulphuric  acid*.  It 
seems  as  if  the  normal  crystals  become  covered  with  a  coating  of 
effloresced  anhydrous  salt,  which  acts  as  a  protection  to  the  under- 
neath portions  in  the  same  way  as  oxide  of  lead  does  to  metallic 
lead;  hence  it  takes  a  long  time  to  convert  a  crystal  of  the  normal 
salt  into  the  anhydrous  by  simple  exposure  to  dry  air,  although  it  is 
an  exceedingly  short  operation  to  perform  at  temperatures  superior 
to  34°  C. 

Yet  another  form  of  this  experiment  was  tried  again  and  again,  and 
always  with  the  same  result. 

A.  glass  tube  bent  into  the  form  of  an 
elongated  letter  S  was  suspended  by  a  plug 
of  cotton-wool  in  the  neck  of  a  flask  con- 
taining a  supersaturated  solution  ;  the  so- 
lution was  boiled,  and  the  tube  was  also 
boiled  in  it,  so  as  to  get  all  nuclear  parti- 
cles adhering  to  it  thoroughly  destroyed. 

The  solution  was  then  allowed  to  cool, 
with  tbe  tube  still  in  it ;  the  tube  was  then 
raised  out  of  the  solution  and  a  dirty  wire 
passed  down  it  ;  crystallization  was,  of 
course,  set  up  in  the  portion  of  supersa- 
turated solution  contained  within  the  tube  ; 
the  crystals  gradually  grew  down  ihe  tube, 
then  through  the  first  bend,  travelled  up 
the  upright  portion,  then  travelled  round 
the  second  bend,  and  finally  down  the  third 
and  last  straight  portion.  Now,  on  lower- 
ing the  extreme  tip  of  the  crystals  formed 
at  the  end  of  the  tube  into  the  solution, 
crystallization  was  immediately  set  up  from  it  as  a  centre,  and  thence 
throughout  the  mass. 

By  this  arrangement  access  of  extraneous  nuclei  was  entirely  pre- 
vented. The  upper  end  of  the  tube  was  plugged  with  cotton-wool 
until  the  dirty  wire  was  passed  down. 

That  the  normal  crystals  thus  formed  did  not  act  by  any  transient 
molecular  movements,  which  recently  formed  crystals  might  be  sup- 
posed to  have,  is  proved  doubtless  by  the  fact  that  such  crystals  were 
found  to  act  just  as  readily  even  when  they  had  been  kept  over  the 
solution  for  2|,  5,  10,  24,  and  48  hours,  and  then  lowered  into  the 
solution,  and  when  any  molecular  agitation  may  with  fairness  be  sup- 
posed to  have  ceased. 

*  At  a  future  day  I  hope  to  have  the  results  of  more  experiments  upon  this 
point. 
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Exp.  Supersaturated  solutions  of  common  potash  alum  were 
treated  in  the  same  way  and  with  the  like  results;  alum,  perhaps, 
affords  a  prettier  example  even  than  sodic  sulphate,  since  the  crys- 
tals formed  in  the  tube  are  of  an  opaque  white,  and  can  therefore  be 
more  readily  observed  during  their  growth. 

Exp.  Supersaturated  solutions  of  magnesic  sulphate  were  also 
operated  upon  and  with  the  same  success ;  but  the  experiment  is 
not  so  striking,  owing  to  the  much  longer  time  required  by  magnesic 
sulphate  to  crystallize. 

Although  pure  clean  crystals  of  the  normal  sodic  sulphate  are 
active  to  a  supersaturated  solution  of  sodic  sulphate,  yet,  as  might  be 
expected,  they  are  not  active  to  a  similar  solution  of  alum  or  magnesic 
sulphate,  and  vice  versa. 

For  example,  let  us  take  a  supersaturated  solution  of  alum,  and  one 
of  sodic  sulphate,  and  also  crystals  of  both  their  salts,  which  crystals 
have  just  formed  and  are  taken  from  their  still  warm  mother-liquors. 

Exp.  A  crystal  of  alum  from  its  mother-liquor  was  added  to  a  super- 
saturated solution  of  alum.     Crystallization  immediately  took  place. 

Exp.  A  like  crystal  of  alum  was  then  added  to  a  supersaturated 
solution  of  sodic  sulphate.     No  effect. 

Exp.  A  crystal  of  the  normal  salt  was  taken  from  its  mother- 
liquor  and  added  to  a  solution  of  sodic  sulphate.  The  solution  in- 
stantly crystallized,  although  another  crystal  was  inactive  to  a  solu- 
tion of  alum. 

Exp.  A  crystal  of  magnesic  sulphate  was  added  to  solutions  of 
alum  and  of  sodic  sulphate  respectively.  No  effect  on  either,  but 
active  in  a  solution  of  magnesic  sulphate. 

Concerning  the  composition  of  the  crystals  of  sodic  sulphate  formed 

hy  spontaneous  evaporation  of  a  supersaturated  solution  of  the 

satne. 

M'hen  a  supersaturated  solution  of  sodic  sulphate  is  allowed  to  eva- 
j)()rate  spontaneously,  a  crust  or  ring  of  crystals  forms  on  the  surface 
of  the  solution,  or  a  ring  in  the  upper  part  of  the  vessel ;  these  crys- 
tals are  perfectly  inactive,  as  has  long  been  known ;  and  this  has 
been  accounted  for  l)y  regarding  tlieni  as  crystals  of  the  modified 
salt  (Na^SO,,  711.^0),  which  is  non-nuclear:  but  recently  they  have 
been  regarded  as  crystals  of  the  normal  salt  (Na^SO,,  lOlI.^O),  and 
their  want  of  action  uj)on  the  supersaturated  solution  has  been  ex- 
plained by  saying  that,  uidike  crystals  which  have  been  exj)osed 
to  the  air,  they  are  chemically  clean,  and  therefore  free  from  any  film 
of  greasy  or  other  matter;  for  this  writer  views  the  activity  siiown 
by  the  normal  salt  as  being  entirely  due  to  impurity  of  this  kind, 
'uid  not  as  due  to  any  property  inherent  in  it. 

L(iwel  made  analyses  of  this  salt,  formed  l)y  s])ontaneous  evapo- 
ration, and  found  it  to  consist  of  the  modified  salt  containing 
Na.SO,,  ;il  O. 

Faraday  also  examined  it  and  came  to  much  the  same  conclusion, 
only  I  hut  he  gave  it  >^\\J),  instead  of  711^0.  There  is  no  (loid)t 
that  Faraday  obtained  this   bait  and  not   the   normal  with    lUlI^O, 
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althouj^li  he  made  what  has  since  been  proved  to  be  a  mistake  in 
assigning  SII^O  to  the  modified  salt. 

The  writer  allowed  some  supersaturated  solutions  of  sodic  sul- 
phate to  evaporate  spontaneously,  and,  after  several  vain  attempts,  at 
last  succeeded  in  obtaining  good  crops  of  such  crystals,  without  ad- 
mixture of  the  normal  salt,  which,  of  course,  is  liable  to  crystallize  out 
also  on  opening  the  receiver.  The  ring  of  crystals  at  the  top  of  the 
solution  only  were  taken. 

Results  of  determinations  of  water  of  crystallization  in  crystals 
of  sodic  sulphate  formed  by  spontaneous  evaporation. 

No.  1.  "SGo  grm.  of  salt,  on  drying  in  water-oven  at  100°C.,  after 
first  well  drying  the  powdered  salt  with  blotting-paper,  lost  '1 70  grm. 
=46-57  per  cent.  0H„  =Na,  SO,  70H,. 

No.  2.  •172grm.  lost  -081  grm. =47-09  percent.,  =  Na„SO,,70H2. 
No.  3.  2-708 grms.  lost  1 -273 grm.  =  47-00  per cent.,  =  NaJSO,,  7OH3. 
No.  4.  l-260grm.  lost  -605grm.  =  4700  percent.,  =  Na2SO,,70Hj. 
No.  5.3-936grms.lostl-8l2grm.  =  -J6'69percent.,  =  Na,SO„70H2. 
No.  6.  3-275 grms. lost  1-520 grm.  =46-41  percent. ,  =  Na,S0,,70Hj. 
No.  7.  3-326 grms.  lost  1-570 grm. =47- 11  per  cent.,  =  Na2SOi,70H2. 

Weight.  Loss.  OH,. 

No.  grms.  grm.  per  cent. 

1 -365      •  -170  =  46-57 

2 -172  -081  =  47-09 

3 2-708  1-273  =  47-00 

4 1-260  -605  =  47-00 

5 3-936  1-812  =  46-69 

6 3-275  1-520  =  46-41 

7 3-326  1-570  =  47-11 

I  trust  that  by  the  above-mentioned  results  I  have  clearly  proved 
the  following  facts  with  respect  to  supersaturated  solutions  of  sodic 
sulphate :  — 

1 .  That  liquids  and  solids,  such  as  alcohol,  quicklime,  &c.,  do 
not  determine  crystallization  by  removing  water. 

2.  That  thin  films,  when  sufficient  precautions  are  taken  to  guard 
against  the  entrance  of  nuclei,  do  not  act  as  nuclei. 

3.  That  chemically  clean  crystals  of  the  normal  salt  (Na^  SOj, 
10H._,O)  do  act  as  nuclei  and  are  most  powerful. 

4.  That  crystals  of  the  normal  salt  are  not  produced  in  super- 
saturated solutions  of  sodic  sulphate  on  allowing  it  to  evaporate 
spontaneously,  but  that  crystals  of  the  modified  (and  known  inactive) 
salt  are. 

In  conclusion  I  may  |)erhaps  be  permitted  to  state  that  the  above 
series  of  experiments  have  extended  over  a  period  of  three  years, 
less  a  few  months,  and  that  most  of  them  have  been  repeated  a  count- 
less number  of  times,  and  with  every  conceivable  modification  and 
check.  Some  few  of  them  have  already  been  published  in  the  *  Che- 
mical News,'  but  are  here  referred  to  again  for  the  sake  of  compre- 
hensiveness. 
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At  present  the  writer  does  not  venture  to  put  forth  any  definite 
theory  respecting  the  presence  and  nature  of  the  nuclei  which  are  so 
universally  diffused  throughout  the  atmosphere ;  hut  when  it  is  con- 
sidered how  much  sodic  chloride  is  constantly  present  in  the  air,  and 
what  quantities  of  sulphurous  acid  are  evolved  daily,  which  becomes 
partly  converted  into  sulphuric  acid,  the  presence  of  particles  of  sodic 
sulphate  in  the  air  would  not  be  surprising  ;  and  that  it  does  exist  is 
proved  by  drawing  air  through  water  and  finding  comparatively  large 
quantities  in  the  solid  matter  arrested  by  water. 

Sodic  sulphate  solutions,  too,  crystallize  on  exposure  much  more 
readily  than  those  of  any  other  salt.  The  other  salts  which  form 
supersaturated  solutions  are  certainly  less  diffused  than  sodic  sulphate. 


IX.  Intelligence  and  Miscellaneous  Articles. 

ON  THE  DISTRIBUTION  OF  MAGNETISM.       BY  M,  JAMIN. 

A  T  the  last  Meeting  of  the  Academy,  M.  Treve  communicated  a 
-^^  note  on  magnetism,  in  which  he  states,  among  other  things,  that 
the  poles  of  a  magnet  are  displaced,  being  removed  from  the  extre- 
mities, when  an  armature  of  soft  iron  is  applied.  He  believes  he 
demonstrates  this  by  placing  opposite  to  the  magnet  a  magnetized 
needle,  by  showing  that  its  direction  changes  after  the  application 
of  the  contact,  and  by  supposing  thdt  the  pole  is  in  the  prolonged 
direction  of  the  needle. 

We  ought  first  to  define  the  word  pole ;  we  must  then  remark 
that,  in  this  experiment,  the  magnetized  needle  is  submitted  to  the 
attractive  action  of  the  steel  which  forms  the  magnet,  of  the  iron 
which  constitutes  the  contact,  and,  again,  to  the  attraction  or  re- 
pulsion of  the  free  magnetism  of  the  magnet.  Its  direction  is  along 
the  resultant  of  these  ax-tions — a  resultant  evidently  very  compli- 
cated, depending  on  the  distance,  the  weight,  and  the  form  of  the 
contact :  it  is  clear  that  the  direction  of  this  resultant  cannot  lead 
to  any  precise  conclusion. 

What  it  is  necessary  to  dt'tcnuinc  licre  is  the  distribution  of  the 
magnetism  in  the  magnet,  both  bi'forc  and  aitt'r  the  application  of 
the  contact ;  this  is  a  (|u«'sti<)ii  with  which  I  have  long  occupied 
mys<*]F,  and  on  wliich  I  will  now  say  a  few  words. 

I  study  this  (list  ribiition  by  t  wo  mutually  corroborative  processes. 
The  first  consists  in  j)lacing  u|)on  a  j)()int  ol'  the  magnet  a  small 
elect roMiagnet  of  sol't  iron  eiivelo|)ed  in  cop|)er  wire  which  commu- 
nicates with  a  galvanometer,  and  suddenly  |)ulliiig  it  away.  An 
iiidu(tion-<Mirrent  is  produced,  agalvanomet  ric  dellection  ;  and  from 
till-  nijignitiide  of  the  are  of  impulsion  1  can  calenlate,  aft<'r  a  suit- 
iible  gra<luation,  the  magnetic  intensity  at  the  point  touched. 

The  H<;cond  process,  analogous  to  Coulomb's,  consists  in  pla<ingou 
the  point  one  wishes  to  study  a  small  sphere  (»f  soft  iron  su|)|)orted 
Ity  a  spring,  which  is  stretched  j)rogressively  till  se])aration  takes 
place.  Fts  tension  at  that  moment  is  ])r()portionul  to  the  sijuare  of 
the  magnetism  at  the  point  of  contact. 
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If  the  magnet  has  its  extremities  free,  it  is  ascertained  that  the 
free  magnetism  increases  gradually  from  the  neutral  line  to  the  ex- 
tremities. The  curve  of  the  intensities  is  very  near  that  indicated 
by  Coulomb.  When  a  contact  is  appHed,  all  is  changed  :  two  poles 
make  their  appearance  at  the  two  extremities  of  the  contact ;  the 
free  magnetism  of  the  magnet  partially  disappears ;  it  augments 
with  the  distance  to  a  maximum,  to  decrease  afterwards  towards 
the  middle  line  of  the  magnet.  The  conditions  of  these  modifications 
are  very  compUeated,  and  merit  a  very  close  study.  They  contri- 
bute to  the  production  of  the  changes  of  direction  of  the  needle 
examined  by  M.  Treve ;  but  in  no  case  can  these  changes  reveal 
the  distribution  of  the  magnetism  in  the  bar,  and  they  cannot  be 
summed  up  by  saving  that  the  poles  of  the  magnet  have  changed 
their  position. — Comptes  Rendiis  de  VAcademie  des  Scie)tces,  vol.  Ixxv. 
pp.  1572,  1573.  

RELATION  BETWEEN  THE  PRESSURE  AND  THE  VOLUME  OF  SATU- 
RATED AQUEOUS  VAPOUR  WHICH  EXPANDS  IN  PRODUCING 
WORK  WITH  NEITHER  ADDITION  NOR  SUBTRACTION  OF  HEAT. 
BY   H.   RESAL. 

Let  V,  J),  p,  /•  be  the  volume,  pressure,  density,  and  heat  of  vola- 
tilization of  saturated  aqueous  vapour  at  f^,  and  c  the  specific  heat 
of  water  at  the  same  temperature.  Admitting  that  the  suffix  0  re- 
fers to  a  determined  weight  of  saturated  dry  vapour,  and  the  suffix 
1  to  the  vapour  not  condensed  during  the  expansion,  we  have,  on 
properly  transforming  one  of  Clausius's  equations  : — 

V,  ^273+^,  P,(__r^  -2-30258^+^  log  ^i^+liY 

V,  r^       pMs  +  t^  2         «  273  +  tJ 

I  have  considered  some  values  of  t^,  successively  decreasing  by 

10  degrees,  from  200  to  110  ;  for  each  of  them  I  diminished  t^  10 

degrees,  commencing  at  f^  — 10.     I  was  thus  able  to  form  Tables 

giving  values  of  =i,  opposite  to  which  I  placed  the  corresponding 

n  ° 

values  of  '-^  ;  and  I  found  that  the  relation 

Pi 

very  satisfactorily  accords  with  the  elements  of  those  Tables,  be- 

y  , 

tween  the  limits  1-25  and  15-37  of  :^'. — Comptes  Rendus  del  Acad. 

0 

des  Sciences,  Dec.  2,  1872,  p.  1475. 


ON  THE  DEFINITION  OF  TEMPERATURE  IN  THE  MECHANICAL 
THEORY  OF  HEAT,  AND  THE  PHYSICAL  INTERPRETATION  OF 
THE  SECOND  FUNDAMENTAL  PRINCIPLE  OP  THAT  THEORY.  BY 
E.   MALLARD. 

The  study  of  calorific  phenomena  has  led  to  the  introdiu-tion  into 
science  of  two  quantities  si«' j/<'Hm.<t,  the  calorie  and  the  temperature, 
which  every  theory  must  necessarily  define. 


78  Intelligence  and  Miscellaneous  Articles. 

Thermodynamics  defines  the  calorie  very  clearly ;  it  only  indi- 
rectly defines  tlie  temperatm-e,  by  means  of  Camot's  theorem :  hence 
the  difficult  and  embarrassed  course  of  the  theory.  I  haA  e  proposed 
to  myself  to  remedy  this  defect. 

In  the  first  part  of  the  work  which  I  have  the  honour  to  submit 
to  the  Academy  I  demonstrate  that  Carnot's  theorem  is  identical 
with  the  following  : — Tlie  mean  -sis  yixa  of  an  atom  fonninri  paH  of 
a  body,  the  absolute  temperature  of  which  is  t,  may  be  expressed  by  ar, 
a  bein^  a  specific  coefiicient  tvhich  can  only  be  dependent  on  the  nature 
of  the  atom. 

The  folloT^ing  is  a  compendium  of  the  demonstration  of  this  pro- 
position : — 

If  we  produce  a  change  in  the  elementary  state  of  a  body  sub- 
mitted at  every  instant  to  external  forces  which  balance  the  internal 
forces,  we  shall  have 

dZ  -\-  EfZQ =dU.-\-d<i>-^d^, 

(TJt  being  the  vamtion  of  the  external  work,  dQ  the  quantity  of 
heat  supplied  to  the  body,  dll  the  variation  of  the  })otential  function 
corresponding  to  the  displacement  of  each  atom  from  its  mean  po- 
sition, d^  the  Aariation  of  the  actual  energy,  and  d^  the  variation 
of  that  part  of  the  potential  energy  which  depends  on  the  \'ibratory 
motion.  On  account  of  the  constant  equilibrium  between  the  ex- 
ternal and  internal  forces,  we  have 

dZ=dll, 
and  there  remains 

Instead  of  determining,  according  to  custom,  the  condition  of  a 
body  at  any  instant  by  two  quantities  such  as  the  pressure  j>  and 
the  \olnme  v,  I  suppose  it  determined  by  t\\o  auxiliary  variables  ¥ 
and  li,  chosen  so  that 

FK  =  lAi,,     ydl{  =  d^. 

The  lines  of  equal  energy  wUl  then  be  equilateral  hyperbolas 

rK  =  2a' (1) 

Tli<'  adial)alic  lines  satisfy  tlie  equation 

Fdii=y<ai+d^=(K 

or 

■FR^=  const (2) 

]C(|iiati()nK  ( I )  and  (2)  having  the  same  forms  as  the  ciiuations  of 
isofhennic  and  adiabatic  lines  for  peH'cci  gases,  aiialogons  conse- 
quences are  deduced  from  them — namely,  that  if  (^„  is  the  (piantity 
of  lieat  snppbed  t<i  (lie  bodv,  in  a  cycle  analogous  to  (hat  ofCarnot, 
aloii^  tlie  line  of  eipial  energy  «1»„,  and  (^,  tin-  <|iiaiilily  of  heat  ex- 
pended by  the  body  dining  that  cycle  along  the  line  of  equal 
energy  <!>,, 
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Let  us  suppose  Q^  and  Qj  infinitely  small,  as  well  as  the  arcs  of 
the  lines  of  equal  energy  corresponding  to  them.  Let  us  d^a\^•, 
through  the  intersection  of  the  line  of  equal  energy  $o  M'ith  the 
adiabatic  line  on  the  left,  an  infinitely  small  arc  of  an  isothermal 
curve  stopping  at  the  adiabatic  line  on  the  right ;  and  let  us  make 
the  same  construction  for  the  point  of  intersection  of  the  curve  of 
equal  energy  4>,  and  the  left  adialiatic  line.  The  quantities  of  heat 
Qo'  and  Q/  wliich  must  be  respectively  supplied  to  and  -sA-ithdra^Ti 
from  the  body  along  the  isothermal  arcs  thus  traced  -nill,  iu  virtue 
of  Caruot's  theorem,  be  connected  bv  the  relation 

Tq  and  r,  being  the  absolute  temperatures  corresponding  to  the  iso- 
thermal hnes. 

Now  it  is  easUy  demonstrated  that  Q^  and  Q^',  Qj  and  Q/,  re- 
specti^"ely  differ  only  by  Lufinitely  small  quantities  of  the  second 
order.     We  have  therefore 

Qi    Qx'    r,    *; 

from  which,  finally,  is  deduced  the  general  relation  between  the 
mean  actual  energy  $  and  the  absolute  temperature  r, 

/3  being  a  specific  coefficient  depending  only  on  the  nature  of  the 
body. 

This  equation,  true  for  any  body  or  portion  of  a  body  whatever, 
is  also  true  for  an  atom  ;  hence  the  theorem  stated  above. 

Li  the  second  part,  I  demonstrate  that  if,  as  experiment  indi- 
cates, the  condition  of  a  body  is  determmed  when  the  atomic  ar- 
rangement produced  by  a  certain  equilibrium  between  the  external 
and  Luternal  forces  is  knox^na  and  a  single  quantity,  the  tempera- 
ture, is  given,  this  arises  from  the  circumstance  that  the  atoms, 
instead  of  merely  being  in  the  presence  of  each  other,  are  inider  the 
influence  of  the  aether — a  fluid  whose  vibration-period  has  an  ex- 
tremely small  duration  in  comparison  Arith  that  of  the  atomic 
vibration. 

1  show  that  the  3w  expressions  whicli  determine  the  mean  vires 
vivce  of  the  n  atoms  constituting  any  body  whatever  contain  3h  ar- 
bitrary constants,  so  that  the  vires  viva'  are  independent  of  the 
arraiigement  and  nuitual  forces  of  the  atoms.  They  are  dependent, 
therefore,  only  on  the  action  of  the  aHher  ;  so  that  the  atoms  of  tlie 
body  vibrate  as  if,  the  body  being  completely  disaggregated,  they, 
innnersed  in  the  jet  her,  no  longer  exerted  any  action  upon  one 
another. 

1  hence  infer,  by  \ery  simple  considerations,  that,  if  ^  represents 
the  mean  vis  viva  of  an  atom,  or  of  the  centre  of  gravity  of  any 
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system  of  atoms  in  equilibrium  of  temperature,  we  have 

«<?•=/('■), (3) 

a  being  a  specific  coefficient,  and  /(r)  a  function  of  the  absolute 
temperature,  which  is  the  same  for  all  the  atoms  or  systems  of 
atoms. 

Lastly,  from  the  value,  ascertained  by  experiment,  of  the  vis  viva 
of  the  centre  of  gravity  of  the  molecule  of  any  perfect  gas,  I  deduce 
that  a  is  the  same  for  all  the  atoms  or  atom-systems,  and  that 
equation  (3)  may  be  put  in  the  form 

0=«r, 
a  being  a  constant  which  plays,  in  regard  to  the  temperature,  a 
part  analogous  to  that  of  the  mechanical  equivalent  in  regard  to  the 
calorie. 

This  is,  ^vIfK  one  more  degree  of  generality,  the  consequence 
which  I  deduced  from  Camot's  theorem,  which  is  thus,  I  think, 
for  the  fii'st  time  rationally  demonstrated. 

Ampere,  in  a  remarkable  note  iuserted  (in  1833)  in  vol.  hiii.  of 
the  Amudes  cle  Chimie  et  de  Phi/sique,  had  indicated  some  ideas  ana- 
logous to  those  I  have  developed  in  my  memoir. 

In  another  paper  I  shall  point  out  some  of  the  most  important 
consequences  which  may  be  deduced  from  my  theory.  I  shall  par- 
ticularly d\\ell  on  those  which  have  drawn  upon  the  theory  of  the 
atomic  volumes  of  bodies — a  theory  of  great  importance  for  che- 
mistry and  mineralogy,  and  the  study  of  \\hich  was  the  starting- 
point  of  my  researches  in  thermodynamics. — Comptes  licndus  de 
CAaul.  des  tSciences,  vol.  Ixxv.  pp.  1479-1482. 


ON  ELECTROMAGNETISM.       BY  M.  TREVE. 

It  is  known  that  steel  needles  can  be  magnetized  by  discharges 
from  a  Ltsyden  jar  passing  through  a  wire  running  round  them ; 
consequ<'nt]y  static  electricity  has  in  this  case  the  same  properties 
as  dynamic  currents.  This  pro])erty  belongs  also  to  Euhmkorif's 
ind net  ion-coil  when  its  currents  arc  caused  to  pass  mtijf/ass  xoh'noid 
containing  a  rarelicd  gas. 

I  ])laced  in  tht^  axis  of  the  solenoid  somc^  bars  of  steel,  which  a 
single  discharge  was  sufiicienl  to  transform  into  magnets.  This 
was  a  (hing  i'oreseciii.  Hut  though  lliis  ex])eriment  establishes  no 
new  fact,  it  is  ])t'rhaps  of  a  kind  to  make  couijjreliensible  the  pheno- 
menon by  means  of  which  Ampere  comph^tcd  his  theory  of  t«'rres- 
trial  magnetism.  Indeed,  suppose  we  make  the  glass  solenoid  big 
enough  to  envelop  thv,  earth,  and  cause  currcjits  frcmi  an  induction- 
machine  to  pass  through  it,  wo  shall  magnetize  every  thing  m.ag- 
iietic  found  tliere,  and  all  needles  will  be  deflected  in  proportions 
variable  with  the  intensitv  of  th(^  current. 

I  think  we  hav«'  hen^  a  toleral)ly  correct  picture  of  the  (>lecl rilled 
gaseous  currents  whicli,  a<'c()rding  to  Ampt'-re,  incessantly  circulate 
round  our  globe  from  east  to  west,  forming  as  it  were  an  imuKuiHO 
coil  that  acts  on  the  variable  horizontal  and  vertical  currents. — 
CoinjiliK  /{"iidiis  ill-  rArttil.  i/is  Srii'nri'H,  vol.  Ixxv.  p.   i<!2l. 
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X.  On  the  Spectrum  of  the  Bessemer-flame.  By  W.  Marshall 
Watts,  D.Sc,  Physical  Science  Master  in  the  Giggleswick 
Grammar  School*. 

[With  Two  Plates.] 

TN  the  Philosophical  Magazine  for  December  1867  I  pub- 
lished the  results  of  observations  on  the  spectrum  of  the 
Bessemer- flame, made  with  a  one-prism  spectroscope  on  the  Lon- 
don and  North-Western  Company's  Works  at  Crewe.  These 
experiments  showed  that  the  Bessemer-spectrum  contained, 
besides  the  lines  of  potassium,  sodium,  and  lithium,  certain  lines 
due  to  iron  ;  but  most  of  the  lines  were  not  found  to  be  coinci- 
dent with  the  known  lines  of  carbon  or  of  any  other  element. 
Nevertheless  I  held  strongly  the  opinion  that  the  spectrum  was 
mainly  due  to  carbon,  for  the  following  reasons: — 

(a)  Carbon  is  known  to  give  more  than  one  spectrum  (Phd. 
Mag.  Oct.  1869,  Ciiem.  News,  Oct.  1870);  and  though  the 
Bessemer-spectrum  does  not  coincide  with  any  recognized  spec- 
trum of  carbon,  it  is  yet  observed  in  the  ibime  of  burning  coke, 
and  in  other  cases  where  carbon  would  seem  to  be  the  essential 
element  present. 

{b)  The  S-pectrum  disappears  almost  precisely  at  the  right 
moment  for  stopping  the  blast,  which  is  su])posed  to  be  when 
the  carbon  in  the  j)ig  iron  has  bccii  burnt  out  and  the  iron  is  in 
the  condition  of  molten  wrought  iron. 

I  have  now  to  give  the  results  of  further  observations  on  the 
spectrum  of  the  Bessemer-flame,  which  sliow  that  the  lines  are 

*  Comnmnicated  by  tlie  Author. 
Phil.  Mag.  S.  4.  Vol.  45.  No.  298.  Feb.  1873.  G 
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mainly  due  to  manganese  oxide  (not,  as  has  been  stated,  to  man- 
ganese, no  single  line  of  whose  spectrum  coincides  with  a  Bes- 
semer line).  These  observations  were  made  at  the  works  of  the 
Barrow  Hsematite  Steel  Company  at  Barrow ;  and  I  am  glad  to 
have  this  opportunity  of  expressing  my  sense  of  the  liberality 
with  which  the  Directors  of  the  Company  assisted  a  purely  sci- 
entific investigation,  not  only  by  affording  every  facility  for  the 
carrying  out  of  experiments,  but  even  by  contributing  to  the 
expense  of  the  investigation. 

The  instrument  employi^d  was  Browning's  automatic  spectro- 
scope of  six  prisms.  Most  of  the  measurements  were  made  by 
means  of  the  micrometer  tangent-screw  of  the  instrument,  which 
requires  2*94  turns  to  carry  the  cross-wires  of  the  telescope  from 
the  lithium-orG??^e  line  (wave-length  6101)  to  the  least-refran- 
gible D  line  (wave-length  5895).  In  some  of  the  later  measure- 
ments much  more  exact  results  were  obtained  by  the  use  of  a 
micrometer  eyepiece  furnished  with  two  pairs  of  cross-wires. 
With  this  instrument  the  interval  between  the  same  two  lines 
is  represented  by  12-49  turns  of  the  micrometer-screw.  The 
spectrum  was  mapped  throughout  on  the  scale  of  wave-lengtlis, 
the  wave-lengths  of  the  lines  of  the  Bessemer-spectrum  being 
obtair,>  d  by  interpolation  from  the  wave-lengths  of  the  known 
lines  of  some  metal,  whose  spectrum  was  arranged  so  as  to  be 
visible  together  with  the  Bessemer-spectrum. 

It  was  found,  however,  that  (in  consequence,  probably,  of  the 
complicated  motion  of  the  prisms  in  the  automatic  arrangement) 
the  observing-tclescope  did  not  always  travel  at  exactly  the  same 
rate,  so  that  the  interval  between  two  given  lines  was  not  always 
represented  by  the  same  reading.  For  example,  in  twelve  suc- 
cessive measurements  of  the  interval  between  the  most  refran- 
gible D  line  and  the  least  refrangible  b  luie  the  following  num- 
bers were  obtained : — 

1411,     1371,     13-73,     13-68,     1369,     13-77,     1377, 
13-74,     13-77,     13-78,     1375,     13-78. 

Hut  although  the  rate  of  motion  varies,  yet  in  any  one  passage 
of  the  telescope  (and  prisms)  from  the;  red  end  to  the  blue  end 
of  the  spectrum  the  niotion  is  uniform,  so  that  the  wave-length  of 
any  line  in  the  liessemer-speetrum  is  correctly  obtained  by  inter- 
|)('lation  from  llu;  wave-lengths  of  two  known  lines  between  whieh 
It  lies.  Accordingly  in  each  "  blow"  the  spectrum  was  mapped 
steaddy  Iroin  tlic  i-cd  end  to  the  blue  end,  the  tangent-screw 
being  kcj)t  liruily  claniped  and  the  telescope  never  being  allowed 
to  return  upon  itself.  The  readings  obtained  in  each  blow  were 
tiicn  reduced  to  wavc-lengtha   by  means  of  one  int(!rpolation- 


tD  «. 


a3W3ss3a 


30  1X0 
3S3NV9NVW 


S 


oj  the  Bessemer-flame. 


83 


curve;  and  although  the  curves  obtained  vary  slightly  in  degree 
of  curvature,  they  yield  concordant  results. 

The  following  determinations  of  the  wave-lengths  of  two  of 
the  brightest  lines  will  show  about  the  degree  of  accuracy  attain- 
able : — 


Air     . 

Air     . 

Copper 
Copper 


Reference-spectrum. 
Wave-length.  Reading. 
.     5678         11-33 

.     5534.         1409 


Bessemer-spectrum. 
„      ,.  Deduced 

^^'''"g-    wave-length. 


1318 

17-73 


5580 
5359 


5292 
5217 


19-24 
21-00 


Lead 

.     5607 

9-77 

10-28 

5580 

Lead 

.     5372 

14-55 

14-84 

5358 

Air     .     . 

.     5495 

12-21 

Lead  . 

.     5372 

14-63 

14-89 

5360 

Lead  .     . 

.     5045 

22-50 

Cadmium 


Cadmium 


5378 


5337 


14-38 


15-27 


14-81 


)358 


The  following  measurements  of  the  same  two  lines  were  made 
with  the  micrometer  eyepiece  : — 

Reference-spectrum.     Bessemer-spectrum. 

Wave-length.    Reading.         Reading,    ^-aygliength . 


Tin     .     . 

.     5563 

0-10 

1-55 

5580 

Tin     .     . 

.     5588 

2-20 

Cadmium 

.     5338 

0-10 

Thallium 

.     5348 

128 

2-22 

5359 

Cadmium 

.     5378 

3-72 

Tin     .     . 

.     5347 

010 

1-12 

5359 

Tin     .     . 

.     5368 

1-88 

G2 
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The  observatory  was  placed  against  the  wall  of  one  of  the 
sheds,  about  on  a  level  with  the  top  of  the  convertors,  close  to 
two  convertors,  and  commanding  a  distant  view  of  two  others. 
The  distant  convertors  were  found  to  be  the  best  for  careful 
measurement,  the  shaking  being  less  than  when  the  blow  was 
taking  place  at  one  of  the  near  convertors,  although  the  spec- 
trum from  these  was,  of  course,  the  most  intense.  The  best 
method  of  introducing  the  reference-spectrum  was  found  to  be, 
to  throw  an  image  of  the  Bessemer-flame  upon  the  slit  by  means 
of  a  large  lens  of  about  10  inches  focus,  and  to  bring  the  spark- 
discharger  (or  Bunsen  burner)  between  the  lens  and  slit.  A 
screen  was  arranged  so  as  to  cut  off  the  light  of  the  Bessemer- 
flame  when  required,  so  tiiat  either  of  the  two  spectra  could  be 
obtained  alone  at  pleasure,  or  the  one  could  be  superposed  on 
the  other. 

The  metals  employed  to  furnish  the  reference-lines  were  the 
following,  besides  which  the  lines  of  the  air-spectrum  were  made 
use  of: — aluminium;  copy)er,  cadniium,  iron,  lithium,  lead,  mag- 
nesium, manganese,  platinum,  sodium,  thallium,  tin,  and  zinc. 
Further,  the  Bessemer-s])ectrum  was  carefully  compared  with 
various  spectra,  especially  with  those  of  iron,  sodium,  lithium, 
manganese,  and  manganese  oxide.  The  spectra  were  either 
arranged  under  the  Be:?S(iner-spectrum  by  the  use  of  the  reflecting 
prism,  or  were  superposed  on  it  in  the  manner  described  above. 
The  spectra  of  iron  and  manganese  were  obtained  by  taking 
the  electric  sfiark  between  wires  of  these  metals — the  s])ectra 
of  sodium,  lithium,  and  manganese  oxide  by  the  use  of  a  Bunsen- 
burner,  or  by  heating  the  substance  in  the  flame  of  the  oxyhy- 
drogen  blowpij)e.  When  manganese  chloride  (or  manganese 
carbonate  or  j)yrolusite)  is  heated  in  the  oxyhydrogen  flame  a  very 
brilliant  spectrum  is  obtained,  which,  as  will  be  seen  afterwards, 
is  for  the  most  |)art  coincident  with  the  Besseuier-s|)ectrnm. 
Observations  were,  further,  made  on  the  sj)eetrum  of  tlie  Ihime 
obtained  on  adding  the  S|)iegeleisen,  on  the  temperature  of  the 
flame  at  different  stages  in  the  process,  and  on  the  differences  in 
the  spectrum  caused  by  the  eniployment  of  different  iron.  The 
results  obtained  will  be  detailed  in  succession. 
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I.  Measurement  uf  the  IVave-Ungths  of  the  Lines  in  ih;  ordinary 
Bisserner-specti'um,  in  the  Spiegel-yp^ctrum,  and  in  the  spectrum 
oj  Manganese  Oxide  (Plate  IV,). 


Bessemer. 


6560  ? 
6460  ? 
/^6234 
6218 
620J 


'\ 


I  6185 

16178 

6161 

I  6109 

^  1  6097 


6040 
6012 

6006 
y  5972 


5917 
5909 


f5895 

\5889 

5872 

5865 

f  5847 

5819 

H 

5807 
[  5790 

5705 

J  5688 
[5683 


5644 
5607 
5580 


Spiegel. 


6560 
6460 
6234 


6204 


Manga 
iiese 
oxide. 


6178 

6161 
6109 
6097 


6040 
6012 

6006 
5972 

5946 

59.S2 


6234 

6204 


6185 
6178 


Remarks. 


5895 
5889 
5872 
5865 
5847 
5819 

5807 
5790 


5688 
5683 


5644 
5607 
5580 


f  6080] 
1 6060 J 


5932 


5909 


5847 


5688 
5683 


5644 
5607 
5580 


Two  red  lines,  not  always  seen,  estimated 
position  only. 

Fine  line.  i 

Fine  1  iie;  oc.urs  only  iu  Bessemer. 

Most  re  raiigihlp  edge  of  band,  shading' 
away  (like  all  the  hands  in  .he  Bessemer 
spectrum)  towards  the  red.  Appears  in 
the  Spiegel  as  a  bright  line,  and  in  the 
•I  anganese-oxide  spectrum  as  the  least- 
refracted  edge  of  a  verv   narrow  hand. 

i     See  figure  (Pi.  IV.). 

iFine  line. 

Edge  of  i)and.  The  remark  to  6204  applies 
also  to  this. 

Fine  line,  faint. 
(^  Conspicuous  pair  of  red  lines,  absent  in 

j      manganese-oxide  spectrum. 

Four  faint  lines,  tno  strong  in  drawing; 
position  estimated  only. 

Faint  line. 

>  Pair  of  faint  lines. 
J 
Strong  Une,  ahsent  in  the  mauganese-oiLide 

spectrum. 
Four  equidistant  lines,  not  very  bright,  of 

which  the  most  refrangible  read  5946. 
Line.     In  manganese-oxide  spectrum  only, 

and  sometimes  in  Spiegel. 

In  Besseraer-spectrum  as  a  faint  line  j  in 
the  nianganese-oxide  spectrum  as  the 
edge  of  a  band. 

\  Sodium  lines. 

1  Two  faint  lines,  absent  in  the  manganese- 

J      oxide  speclrum. 

Maximum  of  light. 

Brightest  <  dge  of  liand,  fading  away  to- 
wards the  red. 

Fine  line. 

Strong  fine  line,  forming  the  brightest  edge 
of  the  whole  group. 

Fine  line. 

Splendid  double  line,  conspicuous  among 
the  fine  lines  which  make  up  the  whole 
of  this  group,  nearly  coincident  with 
„  ,,  f  5687 
/^^^{568r 

Brightest  edge  of  band,  shadingoff  into  red. 

Brightest  edge  of  band. 

Edge  of  band,  hazy  in  the  manganese-oxiiie 
spectrum,  but  sharply  defined  in  the 
Bessemer  and  Spiegel. 
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Table  {continued). 


Manga- 

Bessemer. 

Spiegel. 

nese 
oxide. 

Remarks. 

(5547 

r5547 

...  •• 

1  Group  of  three  lines,  the  middle  one  the 

I  \  5532 

■  5532 

>     strongest.      In  Bessemer  and  Spiegel 

1  5529 

5529 

J      onlv. 

f  f5462 
-^5454 

5462 

1    rr., 

5454 

1  Three  faint  lines,  absent  in  the  manga- 

[5443 

[  5443 

1      nese-oxide  spectrum. 

5433 

5433 

5433 

Fine  line.                                              [red. 

5423 

5423 

5423 

Brightest  edge  of  band,  fading  off  towards 

r]- 

5405 

Line. 

5395 

5395 

5395 

Strong  line. 

5391 

5391 

5391 

Edge  ot  band. 

5371 

5371 

Strong  line,  absent  in  the  manganese-oxide 
spectrum. 

^     5359 

5359 

5359 

Bright  edge  of  this   group,  which  fades 

away  towards  the  red. 

5327 

5327 

Strong  line. 

5269 

5269 

Strong  line,coincidentwith  the  solar  lineE. 

f  5229 

5229 

5229 

Edge  of  band. 

J  5192 

5192 

5192 

Edge  of  band.                                     [trum. 

''l  5167 

5167 

Line,  absent  in  the  manganese-oxide  spec- 

[5157 

5157 

5157 

Edge  of  band.                                      [trum. 

(5\07 

5107 

Line,  absent  in  the  manganese-oxide  spec- 

5099 

5099 

5099 

Edge  of  band. 

t \  5052 

5052 

6052 

Edge  of  band. 

5018 
1^4984 

5018 

5018 

Edge  of  band. 

4984 

4984 

Edge  of  band. 

4943 

4943 

Edge  of  band. 

4904 

4904 

Edge  of  band. 



4862 

4862 

Edge  of  band. 

4836 

4836 

Edge  of  band. 

4802 

4802 

Line. 

4783 

4783 

Line,  forming  edge  of  band. 

f  4481 

4481 

Line. 

4132 

4432 

Line. 

k\  44(t4 

4401 

Line. 

4383 

43H3 

Line. 

1^4373 

4373 

Line. 

Of  the  Bessemer  lines  which  do  not  occur  in  the  manganese- 
oxide  spectrum,  the  following  are  due  to  iron  : — 

5371,     5327,     5269,     5192,     5107,     4383. 

The  line  at  5167  is  also  nearly  coincident  with  the  double  iron 

r  1  go ;  and  the  edge  of  the  band  at  5229  coincides  nearly 

with  the  double  line  \  r»)^')' 

Fig.  1,  Plate  V.  shows  these  coincidences.  Those  lines  only 
of  the  iron  spectrum  are  drawn  which  were  actually  mapped 
together  with  the  liessemer-spcctrum,  when  the  two  were  seen 
simultaneously. 
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The  same  figure  shows  also  the  result  of  a  direct  comparison 
of  the  Bessemer-spectrum  with  that  of  manganese  oxide  :  those 
lines  only  of  the  manganese  oxide  spectrum  are  drawn  which 
were  seen  to  coincide  with  tlie  Bessemer  (or  Spiegel)  lines. 

It  is  worthy  of  remark  that  the  identification  of  these  iron 
lines  proves  that  iron  may  exist  as  vapour  at  a  temperature  below 
the  melting-point  of  iron,  since  the  Bessemer-flame  is  not  hot 
enough  to  melt  wrought  iron.  The  presence  of  a  few  only  out 
of  the  180  lines  which  constitute  the  spectrum  of  the  electric 
spark  between  iron  poles,  is  only  the  same  thing  that  we  observe 
in  the  case  of  sodium,  lithium,  and  thallium  when  the  spectrum 
is  produced  at  a  low  temperature. 

The  following  lines  in  the  Bessemer-spectrum  remain   un- 
identified : — 


J>Red  lines  not  always  seen. 


6560 

6460 

„         yxme  Imes 


Strong  red 


^  1 6097  J 

6040     Faint  line. 

601^}Fa,„tl,nes. 

7  5972     Strong  red  line. 
5917     Faint  line 

f-Jn.^  ^ Faint  yellow  lines. 

r58191 
h<  5807  > Bright  light-green  group. 
L5790J 
r5547 
U  5532 
[5529 

54621 

5454  > Three  faint  lines. 

5443  J 

5405     Faint  line. 

5167     Fine  blue  line. 

4481 


4432 
4404 
4383 


•Blue  lines. 


Two  other  blue  lines,  whose  position  could  not  be  determined, 
were  also  seen  occasionally. 
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II.   On  the  Temperature  of  the  Flame,  and  the  differences  observed 
at  different  times. 

It  is  in  the  flauie  obtained  on  adding  the  highly  manganiferous 
Spiegeleisen  that  the  znanganese-oxide  spectrum  is  most  fully 
developed.  In  the  experiments  at  Crewe  a  marked  difference 
was  almost  always  observed  between  the  ordinary  Bessemer- 
spectrum  and  that  of  the  Spiegel,  arising  from  a  difference  in  the 
relative  intensity  of  the  different  lines.  The  difference  was  so 
marked  that  it  was  not  at  first  perceived  that  the  two  spectra 
were  in  any  way  the  same ;  but  at  Barrow  this  difference  does 
not  exist,  the  Spiegel-spectrum  being  identical  with  the  Bessemer, 
only  more  intense.  The  ordinary  Bessemer-spectrum  at  Barrow 
is  in  fact  identical  with  the  Spiegel- spectrum  as  obtained  at 
Crewe. 

A  reference  to  fig.  2,  Plate  V.  (which  represents  the  two 
spectra  on  the  scale  of  a  oue-prisu)  spectroscope),  will  render 
this  difference  clearer. 

It  will  be  observed  that  in  the  Barrow  spectrum  there  is  a 
more  marked  division  of  the  separate  lines  into  groups  having  a 
general  resemblance,  the  group  r}  (65  to  67)  being  the  brightest; 
while  in  the  Crewe  spectrum  the  brightest  portion  is  nearer  the 
red  (58  and  59),  and  the  spectrum  does  not  extend  so  far  into 
the  blue.  This  difference  is  probably  due  simply  to  difference 
of  temperature;  but  it  can  be  di^tinctly  connected  with  the  kind 
of  iron  employed  :  the  steel  at  Crewe  was  intended  for  the  axles 
and  tires  of  wheels;  that  made  at  Barrow  was  to  be  employed  for 
rails.  The  same  difference  was  remarked  in  observing  two 
"  blows  "  at  the  Bolton  Iron  and  Steel  Works.  The  first  was  of 
iron  of  No.  1  brands,  and  the  second  of  inferior  iron.  The 
spectrum  in  the  first  case  was  the  same  as  the  Crewe  one,  but 
the  Spiegi-1-spectrum  was  the  same  as  that  observed  at  Barrow  ; 
in  the  sec(jnd  "  blow  "  the  s|)ectriun  was  nearly  that  of  liarrow. 

An  attempt  was  made  to  determine  the  temperature  of  tlic  fiame 
by  observing  whether  wires  of  gold,  platinum,  and  of  an  alloy  of 
90  per  cent.  |)latiiium  and  10  j)er  cent,  iridium  were  melted 
wiien  held  in  the  ilame.  It  was  found  that  towards  the  middle 
and  end  of  the  blow  the  gold  was  always  melted;  but  on  no  oc- 
casion was  either  the  alloy  or  the  platinum  melted,  even  when 
the  wire  was  kept  in  the  ilaine  (or  several  minutes.  vVt  (he 
beginning  of  the  blow,  however,  gold  does  not  melt.  A  wire 
held  in  the  fiame  from  the  commencement  was  not  melted  when 
the  so(iium-lnicap[Kar(driashing  acro.ss  tin- continuous  spectruui, 
but  did  melt  about  the  time  tlial  the  sodium-lim;  became  con- 
stant, and  before  any  of  lUv.  lJes.><emer  Imk  s  proper  made  their 
appearance.     If  we  take  the  melting-jioint  of  gold  tobe  liJOO   C. 
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andof  platinum  2000°  C,  it  follows  t'roiu  these  observations  that 
the  tempfrature  of  the  Hame  at  the  commencement  of  the  blow 
is  below  1800°,  but  srraduallv  rises,  never,  however,  reaching 
2000°  C. 

This  result  is  confirmed  by  the  fact,  that  of  the  sodium-spec- 
trum only  the  double  line  Y)  is  present.  In  the  Philosophical 
Mairazine    for    August  1870,  1  showed   that  the  sodium-lines 

raaj  f^iay  be  employed  as  an  index  of  temperature,  since  they 

are  pre^ent  in  the  spectrum  of  any  flame  containing  sodium  the 
temperature  of  which  is  high  enough  to  melt  platinum,  but  do 
not  appear  at  lower  temperatures.  The  Bessemer-llame  obvi- 
ously contains  abundance  of  sodium  ;  but  this  sodium  double  line 
is  absent.  The  lithium  orange  line  also,  which  comes  out  at  a 
somewhat  less  temperature,  is  absent. 

The  Bessemer-spectrum  is  seen  more  or  less  distinctly  in  several 
other  flames.  The  jet  of  flame  which  issues  with  the  Spiegel 
from  the  Spiegel  cupola  shows  it  brilliantly.  This  flame  also 
melts  gold  but  not  platinum.  The  Bessemer-spectrum  is  seen 
also  in  the  flame  from  the  melting-cupola  for  the  pig  iron,  in  the 
flame  from  the  bottom  of  the  blast-furnaces  at  work  at  Barrow, 
and  in  the  flame  of  the  coke  used  in  warming  the  cupola  after 
re-liuiiig  (which  spectrum  exhibits  also  the  lines  of  sodium, 
lithium,  and  potassium  brilliantly),  and  in  several  other  flames. 
The  flame  obtained  on  adding  the  Spiegel,  which  gives  the  Bes- 
semer-spectrum most  brilliantly,  is  also  incapable  of  meltmg 
platinum,  but  melts  gold. 

There  are  certain  of  the  lines  which  seem  to  linger  after  the 
rest,  and  which,  when  the  blow  has  been  carried  rather  far,  are 
occasionally  seen  alone  (upon  a  continuous  spectrum)  after  the 
regular  Bessemer-spectrum  has  disapj)eared.  Some,  but  not 
all  of  these,  are  iron  lines.  The  following  are  those  which  have 
been  noticed : — 

5107,     5167,     5269Fe,     5327  Fe,     5359,     5370Fe,     5395, 
5433,     5443,     5453,     5462. 

The  manganese  present  in  the  pig  iron  used  at  Barrow  never 
exceeds  0*6  per  cent.  I  am  indebted  to  ^Ir.  Richards,  chemist 
to  the  Company,  for  the  following  numbers,  representing  the 
mean  composition  of  the  pig  iron  and  spiegel  iron  used  :  — 
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Carbon 


Pig  iron. 

Spie^eleii 

Graphite     . 

.     3-01 

025 

Combined  . 

.     0-33 

401 

Silicon   .     . 

.     301 

0-49 

Sulphur 

.     0-06 

0-04 

Phosphorus 

.     0-02 

0-25 

Manganese 

.     O-J-2 

10-15 

Copper 

trace 

Iron       .     . 

.  93-15 

84-81 

100-00 


100-00 


It  is  very  diflficult  to  understand  why  these  lines,  which  are 
not  those  of  carbon,  should  disappear  at  the  exact  point  at  which 
the  blast  ought  to  be  stopped,  and  that  they  should  be  due  to  a 
substance  of  which  so  little  can  be  present.  Tlie  following  ana- 
lyses of  the  metal  at  different  stages  in  the  process,  quoted  from 
]\Ir.  Snelus^s  paper  read  at  the  Meeting  of  the  Iron  and  Steel 
Institute  in  December  1870,  show  that  in  some  cases  the  quan- 
tity of  manganese  present  is  inappreciable  : — 


Car- /  Graphite 
bon.j^  Combined 
Silicon  . 
Sulphur 
Phosphorus 
Manganese 


Pig 
used. 

207 

1-20 

1-952 

0-014 

0-0-18 

0-086 


6  minutes 
after  startinj 


217 

0-795 

trace 

0051 

trace 


.9  minutes 
after  starting. 


1-55 
0-035 
trace 
0-064 
trace 


Before  adding 
Spiegel,  13  mi- 
nutes after 
starting. 

0-097 

0-020 

trace 

0067 

trace 


XI.  On  the  Experimental  Determination  of  the  Relative  Inten- 
sities of  Sounds;  and  on  the  Mensnrement  oj  the  Powers  of 
various  substances  to  Reflect  and  to  Transmit  Sonorous  Vibra- 
tions. By  Alfred  M.  Mayer,  Ph.D.,  Professor  of  Physics 
in  the  Stevens  Institute  of  Technoloyy,  Hoboken,  New  Jersey, 
U.  S.  A.* 

WHILE  the  problems  of  the  determination  of  the  pitch  of 
sound  and  the  explanation  of  timbre  have  received  their 
complete  elucidation  at  the  hands  of  Messenne,  Young,  De  la 
Tour,  Konig,  and  llelmholtz,  the  problem  of  the  accurate  expe- 
rimental determination  of  the  relative  intensities  of  given  sono- 
rous vibrations  has  never  been  solved. 


*  Comraunicatcd  by  the  Author,  having  been  read  before  the  National 
Academy  of  Sciences  at  Cambridge,  Massachusetts,  November  '2\,  187-. 
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The  method  I  here  present  will^  I  hope,  open  the  way  to  the 
complete  solution  of  this  difficult  and  important  problem ;  and 
1  trust  that  the  success  I  have  met  with  will  encourage  others 
more  learned  and  patient  to  attack  with  superior  acumen  a  sub- 
ject which  must  necessarily  become  of  fundamental  importance 
in  the  future  progress  of  acoustic  research. 

1.  TTie  determination  of  the  Relative  Intensities  of  Sounds  of  the 
same  Pitch. 

If  two  sonorous  impulses  meet  in  traversing  an  elastic  medium, 
and  at  then-  place  of  meeting  the  molecules  of  the  medium 
remain  at  rest^  it  is  evident  that  at  this  place  of  quiescence  the 
two  impulses  must  have  opposite  phases  of  vibration  and  be  of 
equal  intensity. 

I  have  in  the  following  manner  experimentally  applied  this 
principle  to  the  accurate  determmation  of  the  relative  intensities 
of  vibrations  giving  the  same  note  and  propagated  from  their 
sources  of  origin  in  spherical  waves. 

Clothe  two  contiguous  rooms  with  a  material  which  does  not 
reflect  sound,  and  place  in  each  room  one  of  the  sounding  bodies, 
and  maintain  these  sounds  of  a  constant  intensity ;  or  the  two 
sources  of  sound  may  be  placed  in  the  open  air  and  separated 
from  each  other  by  a  non-rellecting  partition.     Fix  at  a  certain 
distance  from  each  sounding  body  a  resonator  responding  to  its 
note;  attach  to  each  resonator  the  same  length  of  tirm  gum 
tubing,  and  lead  these  tubes  to  a  forked  pipe  so  that  the  impulses 
from   the  two  resonators  meet  at  the  confluence  of  the  two 
branches  of  the  forked  tube,  and  connect  the  branch  of  the 
forked  tube,  in  which  the  sounds  meet,  with  one  of  Konig^s  ma- 
nometric  capsules.     Now  sound  continuously  one  of  the  bodies, 
and  the  maiiometric  liame,  when  viewed  in  a  revolving  mirror, 
will  present  its  well-known  serrated  appearance.     On  sounding 
the  second  body,  impulses  from  it  will  meet  those  from  the  first 
body ;  and  if  the  phases  of  vibration  of  the  impulses  on  the  ma- 
nometric  membrane  are  opposed  and  of  equal  intensities,  the 
membrane  will  remain  at  rest,  and  the  Hame  will  now  appear  in 
the  minor  as  a  band  of  light  with  a  rectilinear  upper  border, 
liut  although  the  intensities  of  the  pulses  can  easily  be  rendered 
equal  by  altering  the  distance  of  one  of  the  resonators  from  its 
sounding  body,  yet  this  change  of  position  will  alter  the  relation 
of  the  phases  reaching  the  membrane — so  that  if  by  mere  chance 
we  get  them  opposed  in  the  first  position  of  the  resonator,  they 
will  no  longer  be  so  after  its  change  of  position.     But  on  stop- 
ping the  vibrations  of  one  of  the  bodies,  and  setting  it  in  vibra- 
tion at  intervals,  we  may  finally  succeed  in  causing  the  impulses 
on  reaching  the  membrane  to  have  opposite  phases  of  vibration. 
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Such  a  method,  uhich  rehes  only  ou  chance,  cau  be  of  httle 
value,  on  account  of  its  uncertainty  and  the  tediuusness  of  its  ap- 
pHcation. 

The  above  difficulty  I  have  entirely  removed  by  the  follo^ying 
means.  I  cut  a  piece  out  of  one  of  the  tubes  equal  iu  length  to 
a  hair-wave  of  the  note  we  are  experimenting  on,  and  replace 
this  p^ce  of  tubing  with  a  glass  tube  of  the  same  length,  into 
which  slides,  air-tight,  another  glass  tube,  also  half  a  wave  in 
length.  The  experimentation  now  becomes  expeditious  and 
certain.  Sound  both  bodies  continuously,  and  place  in  a  tixed 
position  one  of  the  resonators.  Move  the  other  to  a  certain 
distance  from  its  sounding  body,  and  then  pull  out  the  inner 
glass  tube  until  exact  opposition  of  phase  of  the  impulses  is 
brought  to  the  manometric  membrane.  This  condition  will 
be  known  when  the  serrations  have  dropped  to  their  minimum 
of  elevation.  If  the  latter  do  not  entirely  disappear  from  the 
band  of  light  in  the  mirror,  we  must  place  the  moveable  reso- 
nat<n-  ai  another  distance  and  readjust  the  sliding  tube.  A  few 
trials  will  give  in  the  mirror  a  baud  of  light  with  a  straight,  un- 
ruffled top  border;  then  we  have  opposed  phases  of  vibration 
at  the  confluence  of  the  branches  of  the  forked  tube,  and  pulses 
of  equal  intensity  are  traversing  the  two  tubes  leading  from  the 
resonators. 

The  distance  of  each  resonator  from  its  sounding  body  is  now 
measured  ;  and  the  inverse  ratio  of  the  squares  of  these  distances 
will  be  the  ratio  of  tiie  intensities  of  the  \ibrations  at  the  sources 
of  the  sounds,  if  the  intensities  of  the  j)ulses  sent  tluough  a  tube 
from  a  resonator  varies  directly  with  the  intensities  of  the  vibra- 
tions of  the  free  air  iu  the  plane  of  the  mouth  of  the  resonator. 

It  will  be  observed  that  the  accuracy  of  the  deteruunations  by 
this  experimental  method  depends  on  three  conditions: — First, 
that  the  vibration-etlects  of  the  same  area  of  a  spherical  sonorous 
wa\e  diminish  in  intensity  as  the  rcciprueals  of  the  squares  of 
the  distances  of  this  ana  from  the  point  of  origin  of  the  wave. 
Tliere  is  every  dynamic  reason  to  believe  in  the  truth  of  this 
proposition.  The  second  necessary  condition  is,  that  the  elon- 
gation of  one  of  the  resonator-tubes  beyond  the  other  by  a  lialf 
wa\e-length  of  firm  glass  tubing  does  not  diminish  the  intensity 
of  tht;  impulses  which  have  traversed  it.  Numerous  experiments, 
especially  those  of  IJiot  and  Uegiiault  on  the  aqueduct-tubes 
ol  Paris,  show  that  so  siiort  a  conneetmg-tube  of  ghiss  cannot  in 
any  way  atfect  the  accuracy  of  the  measures.  The  third  condi- 
tion IS,  that  the  intensities  of  pulses  sent  through  a  tube  from  a 
resonator  vary  directly  with  tlie  intensities  of  the  vibrations  ol 
the  free  air  in  tlie  plane  of  the  mouth  of  the  resonator.  This  is 
a  very  important  consideration  ;  and  as  1  believe  there  is  no  en- 


of  t/te  Relative  Intensities  uf  Sounds.  93 

tirely  reliable  discussion  of  this  relation,  the  problem  will  have 
to  be  experimentally  solved  with  the  greatest  care.  If,  however, 
the  relation  between  the  intensities  of  pulses  inside  the  tube  and 
those  outside  the  mouth  of  the  resonator  shall  be  shown  to  be 
difFei'ent  (and  I  think  they  will  be)  from  what  we,  for  illustration, 
have  here  assumed,  only  the  process  of  the  numerical  reduction  of 
the  experiments  will  be  moditied,  while  the  experimental  method 
remains  secure.  Indeed  I  cannot  but  consider  that  I  have  here, 
by  applying  the  principle  of  interference,  so  fertile  in  results  in 
optics,  been  the  first  to  give  an  experimental  method  wbich  will 
determine  with  precision  the  relative  intensities  of  two  sonorous 
vibrations  producing  the  same  note. 

Savart  and  many  other  experimenters  have  determined  the 
relative  intensities  of  two  sounds  by  placing  sand  or  other  light 
particles  on  membranes  and  receding  from  the  source  of  sound 
until  no  motions  of  the  particles  were  visible.  Also  Drs.  Renz 
and  Wolf  (Pogg.  Ann.  vol.  xcviii.  p.  595)  give  the  results  of 
experiments  on  the  determination  with  the  ear  of  the  intensity 
of  the  sounds  of  a  ticking  watch.  More  recently  Dr.  Heller 
(Pogg.  Ann.  vol.  cxii.  p.  566)  has  made  an  elaborate  research 
on  the  intensities  of  sounds,  deducing  mathematically  his  deter- 
minations from  the  observed  amplitudes  of  vibration  of  a  mem- 
brane; and  Mr.  Bosanquet  (Phil.  Mag.  Nov.  1872)  has  just 
published  a  paper  in  which  he  proposes,  for  the  measure  of  the 
intensities  of  sounds  of  pipes  of  different  pitch,  the  determina- 
tivin  of  the  quantity  of  air  which  each  pipe  consumes  in  sounding. 
But  all  these  experimenters  acknowledge  the  want  of  precision 
in  their  measures,  and  the  difficulties  in  the  actual  practice  of 
their  methods. 

When  the  resonators  have  such  distances  from  their  corre- 
sponding sounding  bodies  that  the  phases  of  their  impulses  on 
the  membrane  are  opposed  while  their  intensities  are  different, 
a  residual  action  is  given  ;  and  the  intensity  of  this  action  on  the 
membrane  will  depend  on  the  relative  inteni>ities  of  the  sounding 
bodies  and  the  relative  distances  at  which  the  resonators  are 
placed.  It  may  here  be  interesting  to  consider  the  simplest 
ease, — that  is,  when  the  intensities  of  vibration  at  the  two  sources 
of  origin  of  the  sounds  are  the  same  and  the  two  resonators  are 
placed  at  various  distances  from  these  points  of  origin,  but 
always  differ  in  their  distances  by  one  half  wave-length.  Let  us 
call  A  one  of  the  resonators,  B  the  other.  Let  A  be  successively 
placed  at  distances  fiom  its  sounding  body  equal  to  1,  2,  3,  &c. 
wave-lengths,  and  B  successively  at  distances  equal  to  1  i,  2^, 
3i,  &c.  wave-lengths.  At  each  position  of  the  resonators  we 
will  suppose  that  the  phases  of  vibration  reaching  the  membrane 
are  opposed.     The  following  Table  gives  the  calculations  made 
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on  the  assumption  that  the  intensities  of  the  vibrations  diminish 
as  the  reciprocals  of  the  squares  of  their  distances  from  the 
sounding  bodies : — 


A's  dist.  in  \. 

B's  dist.  ill  X. 

Ratios  of  in- 
tensities. 

Residual  effects. 

1 

1-5 

•444 

•556 

2 

2-5 

•640 

•360 

3 

3-5 

•734 

•268 

4 

4-5 

790 

210 

5 

5-5 

•826 

•174 

6 

6-5 

•854 

■146 

7 

7-5 

•871 

•129 

8 

8-5 

•885 

•115 

9 

9-5 

•897 

•103 

10 

10-5 

•907 

•093 

U 

11-5 

•914 

•086 

12 

12  5 

•921 

•079 

13 

135 

•927 

•073 

*     *     * 

#     *     * 

*     *     «• 

*     *    # 

24 

24  5 

•959 

•041 

25 

25 -5 

•961 

•039 

We  have  projected  these  related  numbers  in  the  accompanying 
curve,  whose  abscissse  represent  the  distances  of  A  from  the 
source  of  sound,  and  whose  ordinates  give  the  ratios  of  intensities 
between  A,  taken  at  the  distances  on  the  axis  of  abscissfe,  and 
B  at  distances  from  the  sounding  body  always  one  half  wave- 
length greater  than  A's  distance  from  its  sounding  body.  The 
formula  of  the  curve  is 

If  the  curve  be  placed  upside  down  and  referred  to  the  corre- 
sponding numbers  on  the  abscissa;  and  ordinates  (which  num- 
bers are  equal  to  unity  minus  the  numbers  at  the  corresponding 
])oint8  of  the  curve  when  in  its  first  position),  we  have  the  gra- 
})hical  representation  of  the  variation  of  the  resultant  intensities 
contained  in  the  fourth  column  of  the  Table. 


In  the  case  of  notes  of  different  pitch,  tlic  higher  note  will 
necessarily  force  the  air  to  make  its  viljrations  with  a  greater 
velocity;  the  intensities  will  tiierc-forc  not  alone  depend  on  the 
amplitudes  of  these  vibrations,  but  also  on  their  velocities ; 
and  it  has  been  deduced  from  established  j)rinciples  of  dynamics 
that  the  apj)arent  intensities  of  notes  of  different  |)itch  will  vary 
directly  as  the  squares  of  the  amplitude's,  and  inversely  as  the 
fourth  power  of  the  wave-length  or  periodic  time  (see  Mr.  Ho- 
sanquet  "  On    the   Helation   between   the   Energy  and  Apparent 
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Intensity  of  Sounds  of  different  Pitch/'  Phil.  Mag.  Nov.  1872). 
Hence  the  determination  of  the  relative  intensities  of  notes  of 
different  pitch  becomes  very  complicated,  and  the  experimental 
solution  of  the  problem  is  encompassed  with  many  difficulties. 
1,  however,  hope  to  be  able  at  some  future  day  to  present  some 
work  in  this  direction,  when  i  have  succeeded  in  obtaining  results 
worthy  of  the  appellation  of  measures  of  precision. 

2.   Measurement  of  the  powers  of  various  substances  to  Transmit 
and  to  Reflect  sonorous  vibrations^. 
After  we  have  succeeded  in  obtaining  a  measure  of  the  inten- 
sity ot  the  vibrations  of  the  air  at  a  certain   distance  from  the 

*  Tu  the  Smithsonian  Re])ort  for  1857  will  be  found  an  account  of  very 
interesting  and  valuable  experiments  by  Professor  Joseph  Henry,  bearing 
on  "  Acoustics  apj)lied  to  Public  Buildnigs."  lu  these  investigations 
Professor  Henry  determined  tlie  relative  powers  of  various  substances  to 
reflect,  transmit,  and  absorb  sonorous  vibrations  by  placing  on  the  bodies 
the  foot  of  a  tuning-fork,  and  comparing  the  duration  of  its  sound  when 
thus  placed  with  that  given  when  the  fork  was  suspended  in  free  air  by  a 
fine  cambric  thread.  Thus  suspended  the  fork  vibrated  during  252  seconds. 
Placed  on  a  large  thin  pine  board  its  vibrations  lasted  about  ten  seconds. 
In  this  case  "  the  shortness  of  duration  was  compensated  by  the  greater 
intensity  of  effect  produced."  The  fork  having  been  ))laced  successively 
on  a  marble  slab,  a  solid  brick  wall,  and  on  a  wall  of  lath  and  plaster,  its 
vibrations  lasted  respectively  115  seconds,  88  seconds,  and  18  seconds. 

Placed  on  a  cube  of  india-rubber,  the  sound  emitted  by  the  fork  was 
scarcely  greater  than  when  it  was  suspended  from  the  cambric  thread,  but 
its  duration  was  only  40  seconds.  Here  Ileiuy  puts  the  (piestion,  "What 
became  of  the  imjuilscs  lost  by  the  tuning-fork?  They  were  neither  trans- 
mitted through  the  india-rubber  nor  given  off  to  the  air  in  the  form  of 
sound,  but  were  probably  expended  in  jjroducing  a  change  in  the  matter  of 
the  india-rubber,  or  were  converted  into  heat,  or  both.  Though  the  inquiry 
did  not  fall  strictly  within  the  line  of  this  series  of  investigations,  yet  it 
was  of  so  interesting  a  character  in  a  physical  ])oint  of  view  to  determine 
whether  heat  was  actually  produced,  that  the  following  experiment  was 

II  iide The  jjoint  of  a  c()in))ound  wire  fornu'd  of  copper  andiron  was 

thrust  into  the  substance  of  the  rubber,  while  the  other  ends  of  the  wire 
were  connected  with  a  delicate  galvanonuter.  The  needle  was  sutt'ered  to 
come  to  rest,  the  tuning-fork  was  then  vibrated,  and  its  impulses  trans- 
mitted to  the  rubl)er.  A  very  pcrce|)lible  iiu-rease  of  temperatiuc  was  the 
result;  the  needle  moved  through  an  arc  of  from  one  to  two  and  a  half  de- 
grees. The  experiment  was  varied  and  many  times  repented  ;  the  motions 
of  the  needle  were  always  in  the  same  direction,  namely  in  that  w  liicb  was 
produced  when  the  jjoiut  of  the  comjunuid  wire  was  heated  by  nuinu-ntary 
contact  with  the  fingers."  We  have  pleasure  in  again  enliiiig  attention  to 
this  beautiful  experiment  of  Professor  llcmy  ;  for  he  was.  I  Ixlieve,  the  tirst 
to  obtain  the  |>rodu(tion  of  heatliy  the  aiisorption  (so  to  speak)  of  sonorous 
vii)rationH  ;  and  although  several  experimenters  have  subse(piently  obtained 
the  same  results,  they  seem  to  be  nnawaii-  of  Henry's  antecedent  work  in 
theHuine  diieclion.  In  iSfiS  I  pubii.^heil  a  full  account  of  the  above  expe- 
riment in  mv  '  Lecture-Notes  on  Physics.'  p.  J!'  (  Van  Nostrand.  New  Ycnk). 

In  the  siiine  paper  Professor  Henry  obtained  a  few  cpialitativc  relations 
on  the  refleetiug-powers  of  various  siibstanccs,  iiy  |)lacing  a  watch  between 
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sounding  body,  we  can  measure  the  powers  of  various  substances 
to  transmit  and  to  reflect  sonorous  vibrations. 

To  accomplish  this  I  place  one  of  the  sounding  bodies  in  the 
focus  of  a  parabolic  reflector,  and  bring  the  two  resonators  to 
such  distances  from  their  sounding  bodies  that  the  intensities  of 
the  pulses  traversing  their  respective  tubes  are  equal.  We  then 
place  in  front  of,  but  not  too  near,  the  mouth  of  the  resonator 
in  front  of  the  reflector  the  plane  surface  of  the  substance  whose 
transmitting  and  reflecting  powers  we  would  determine.  Serra- 
tions now  appear  in  the  flame,  because  part  of  the  force  of  the 
pulses  which  previously  sounded  the  resonator  are  now  reflected. 
The  resonator  which  has  not  the  reflecting  surface  in  front  of  it 
is  now  gradually  drawn  away  from  its  sounding  body ;  and  at  each 
successive  point  of  remove  the  pulses  propagated  through  the 
resonator-tubes  are  brought  to  opposition  of  phase  on  reaching 
the  membrane  by  means  of  the  glass  telescoping  lube.  Equality 
of  impulses  having  been  obtained,  we  measure  the  distance  of 
the  resonator  fi-om  its  sounding  body ;  and  this  measure,  together 
with  the  previously  known  distance  of  this  resonator  when 
equality  was  attained  before  the  interposition  of  the  reflecting 
surface,  gives  the  data  for  the  computation  of  the  intensity  of 
the  transmitted  vibrations.  This  number,  subtracted  from  the 
measure  of  the  intensity  when  the  substance  was  not  before  the 
resonator,  taken  as  unity,  gives  the  refleding-poiver  of  the  sub- 
stance. 

It  is  very  important  in  such  measures  to  bci  sure  that  a  plane- 
w^ave  surface  is  reflected  from  the  mirror.  This  character  of  wave 
can  be  approximately  obtained  by  placing  the  mouth  of  a  closed 
organ-pipe  at  or  very  near  the  principal  focus  of  the  mirror,  and 
testing,  by  the  method  we  have  described  above,  the  equality  of 
intensity  of  the  vibrating  air  in  front  of  the  mirror  as  we  recede 
along  its  axis.  We  thus  by  trial  at  last  succeed  in  obtaining  a 
sufliciently  plane-wave  surface.  Care  must  also  be  taken  that 
the  surface  of  the  reflecting  substance  we  experiment  on  is  so 
large  that  no  inflected  vibrations  can  act  on  the  resonator. 

I  have  made  several  measures  of  Intensity  and  of  Transmitting 
and  Reflecting  powers ;  but  as  the  experiments  were  made  in  a 
room  whose  walls,  ceiling,  and  floor  gave  reflected  sonorous 
waves,  I  will  not  present  measures  until  I  have  arranged  suitable 
apartments  for  their  accurate  determination. 

November  13,  1872. 

the  centre  and  focus  of  a  concave  mirror;  he  then  receded  alon^  the  axis 
of  the  diverging  sonorous  beam  with  a  hearing-trumpet.  Paper  and  flannel 
were  now  stretched  between  the  watch  and  the  mirror ;  and  the  intensity 
of  the  sound  was  found  to  be  diminished  by  the  reflecting  and  absorbing 
powers  of  tljese  substances. 

Phil.  Mag.  S.  4.  Vol.  45.  No.  298.  Feb.  1873.  M 
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XII.  Note  on  the  History  of  cei'tain  Formula  in  Spherical  TVigo- 
nometry.     By  I.  Todhunter,  M.A.,  F.R.S. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlemen, 

THERE  are  four  formulae  in  Spherical  Trigonometry  which 
are  usually  called  Gauss's  Theorems  or  Gauss's  Analogies. 
These  formulae  are 

sin^  «cos^(B  — C)  =  sin-|Asin^(64-c) 

and  three  others  of  a  like  nature. 

The  formulse,  however,  are  really  due  to  Delambre ;  but  in 
consequence  of  an  eri'oneous  reference,  his  claim  has  been  ob- 
scured, and  mathematicians  have  been  put  to  inconvenience  in 
investigating  the  matter. 

Gauss  printed  the  formulfe  in  1809  in  his  Theoria  3Iotus, 
p.  51.  He  says  they  would  be  sought  for  in  vain  in  books  on 
trigonometry;  he  omits  the  demonstration  for  the  sake  of 
brevity. 

Delambre,  in  the  first  volume  of  his  Astronomic,  published  in 
1814,  claims  the  formulae  (see  his  pages  164-  and  195);  in  both 
places  he  refers  to  the  Connaissance  des  Tems  for  1808.  The  re- 
ference, however,  should  be  to  the  Connaissance  des  Tems  for 
1809,  which  was  published  in  April  1807.  Here  the  four  for- 
nmljc  are  given  without  demonstration,  together  with  some 
others  which  follow  immediately  from  them.  One  of  these 
other  formulae  is 

*^''^'' sini(B-C)  ' 

this  Delambre  ascribes  to  M.  Henri. 

As  Delambre  is  here  discussing  the  solution  of  an  astrono- 
mical problem  given  by  M.  Henri,  it  might  at  first  sight  have 
appeared  probable  that  after  this  formula  had  been  used  by  M. 
Henri,  the  four  fornuihc  improperly  ascribed  to  Gauss  were  in- 
vestigated by  Dehiinbre.  iJiit  it  nuiy  be  inferred  from  the  top 
of  page  41G  of  Ddaniijie's  remarks,  that  he  had  been  previously 
acquainted  with  the  fjrmuhc. 

l)clambre  claims  the  formulae  and  gives  the  correct  reference 
on  p.  319  of  the  (Jo/inaissance  des  Tems  for  1812,  which  was 
published  in  July  1810:  Delambre  is  here  reviewing  Gauss's 
Tlicniin  Mollis. 

Delambr<;'s  erroneous  reference  has  been  adopted  by  some 
writers.  Thus  IJowditch  says  on  p.  737  of  the  (list  volume  of 
his  translation  of  the  Mvcanique  Celeste,  "  Delambn;,  in  his  As- 
tronomie,  vol.  i.  p.  164,  observes  that  he  had  given  several  of 
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these  theorems  in  the  Connoisance  des  Terns,  1808,  before  the 
publication  of  the  work  of  Gauss.  .  .  ."  T.  S.  Davies  says,  on 
p.  .'37  of  the  second  vohmie  of  the  twelfth  edition  of  Hutton's 
'  Coarse  of  Mathematics,^  "  The  four  formulae  .  .  .  are  usually 
known  as  Gauss's  Analogies,  their  demonstration  having  been 
first  given  by  that  illustrious  geometer  in  his  Theoria  Mattes 
Corporum  Coelestiwn  (1809):  but  they  had  been  published  by 
Delambre  some  years  previously  in  the  Cowiaissance  des  Temps 
(for  1808)  .  .  ."  Here,  besides  the  expansion  of  an  exact  two 
years  into  an  indefinite  some  years,  we  have  the  statement  that 
Gauss  gave  a  demonstration  of  the  formulae  in  1809;  but  as  we 
have  already  stated,  Gauss  omitted  the  demonstration.  In  a 
note  Mr.  Davies  adds  :  "  Gauss  did  not  deliver  his  theorems,  or 
their  investigations,  in  precisely  the  forms  given  in  the  text .  .  ." 
But  Gauss  did  deliver  his  theorems  in  those  forms.  Then  what 
Mr.  Davies  goes  on  to  say  respecting  the  forms  and  investiga- 
tions may  perhaps  apply  to  some  other  work,  but  does  not  apply 
to  the  Theoria  Motus,  where  Gauss  delivered  the  theorems. 

It  must  be  observed  that  Gauss  had  been  anticipated  even  in 
Germany  in  the  publication  of  the  formulae.  They  were  given  by 
Mollweide  in  Zach^s  Monatliche  Correspondenz  for  November 
1808,  with  a  demonstration. 

The  subject  is  noticed  in  an  article  in  KliigeFs  Mathematisches 
Worterhuch,  vol.  v.  p.  211 ;  the  passage  has  been  reproduced  in 
the  '  Proceedings  of  the  London  Mathematical  Society,'  vol.  iii. 
p.  320.  The  writer  states  correctly  the  positions  of  Gauss  and 
Mollweide;  and  then  he  adds  that  Delambre  published  the  for- 
mulae in  the  Connaissance  des  Terns  for  1808,  and  so  French 
writers  usually  call  them  after  him.  But  these  few  words  rela- 
ting to  Delambre  seem  to  me  to  fall  below  the  usual  high  standard 
of  German  accuracy.  For  in  the  first  place  the  erroneous  date 
(1808)  must  have  been  borrowed  without  verification,  although 
there  is  nothing  to  warn  us  of  this.  And  in  the  next  place  the 
writer  apparently  puts  the  claims  of  Mollweide  and  Delambre 
as  equal,  by  ascribing  to  both  the  date  1808,  overlooking  the 
fact  that  the  Connaissance  des  Teins  for  an  assigned  year  is 
published  in  advance  of  that  year. 

Thus,  finally,  although  Mollweide  has  priority  over  Gauss, 
yet  he  comes  about  a  year  and  a  half  after  Delambre  ;  and  there- 
fore until  any  other  person  can  be  shown  to  have  published  the 
formuhc  before  April  1807,  they  must  be  justly  ascribed  to 
Delambre. 

Demonstrations  of  the  formulae  in  two  ways  were  published 
by  Delambre  in  his  Astronumie  (see  pp.  104-  and  196  of  his  first 
volume).  It  would  appear  from  his  page  IG-i  that  he  consi- 
dered this  to  be  the  first  publication  of  a  demonstration  ;  but, 

H  2 
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as  we  have  stated,  Molhveide  gave  a  demonstration  in  1808. 
In  his  second  way,  Delambre  makes  use  of  a  diagram  from 
which  he  obtains  both  his  own  Analogies  and  those  of  Napier. 
This  way  of  demonstration  is  substantially  the  same  as  that 
which  was  independently  discovered  and  printed  in  the  '  Pro- 
ceedings of  the  London  Mathematical  Society/  vol.  iii.  p.  13. 
One  step  in  the  recent  process,  however,  is  simpler  than  the 
corresponding  step  in  Delambre' s,  namely  the  proof  of  the  equa- 
lity of  the  angles  M  VA  and  C  V  P. 

It  may  be  remarked  that  if  one  of  Napier's  Analogies  is  given, 
we  may  deduce  another  immediately  by  using  one  of  the  trian- 
gles associated  with  the  fundamental  triangle ;  and  then  Napier's 
two  other  Analogies  follow  by  the  aid  of  the  polar  triangle. 
Thus  we  may  say  that  the  other  three  may  be  deduced  immedi- 
ately from  any  one  of  them.  But  with  respect  to  Delambre's 
Analogies,  the  case  is  rather  different.  Take  these  in  the  order 
in  which  they  are  given  in  my  '  Spherical  Trigonometry.'     Then 

(1)  and  (4)  are  so  related  that  either  can  be  deduced  from  the 
other  by  using  an  associated  triangle ;  but  nothing  new  is  ob- 
tained from  (1)  or  from  (4)  by  using  the  polar  triangle.     And 

(2)  and  (3)  are  so  related  that  either  can  be  deduced  from  the 
other  by  using  an  associated  triangle,  or  by  using  the  polar  tri- 
angle. Thus  from  one  of  Delambre's  Analogies  we  cannot  de- 
duce immediately  the  other  three.  If  one  of  Napier's  Analo- 
gies is  given  and  one  of  Delambre's,  we  can  deduce  immediately 
the  other  six.  Also  the  other  six  may  be  deduced  immediately 
from  (1)  and  (2)  of  Delambre's  Analogies;  and  the  other  six 
may  be  deduced  immediately  from  (3)  and  (4)  of  Delambre's 
Analogies. 

I.  TODUUNTER. 

Bourne  House,  Cambridge. 


XIII.    On  the  Law  of  Gaseous  Pressure.     By  Rorkut  Moon 
M.A.,  Honorary  Fellow  of  Queen's  Colkye,  Camhriili/e*. 

I  DESIRE  to  offer  some  remarks  upon  Mr.  Strutt's  further 
criticism  t  '>^  "'Y  views  as  to  gaseous  j)ressure,   for  which  I 
have  not  had  opportunity  hitherto. 

I  fail  to  find  in  Mr.  Strutt's  second  p;ipef  any  reply  to  my 
inquiry  why  we  are  to  reject  the  formuUe 

,=_°J+^(„+-), (,) 

*  Coiimmiiicnted  l)y  tlic  Author. 

t  See  IMiil.  Mag.  for  Scptotnhpr  Inst. 
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1    r    </m    _  I  f    ^ 


(where  m=sv-{--),  which,  as  Mr.  Strutt  appears  to  be  fully  con- 

P 
scious,  satisfy  the  equation  of  motion 

^1  dp^ 

In  his  first  paper  (see  Phil.  Mag.  for  July  last)  Mr.  Strutt  ap- 
peared to  regard  Boyle's  law  as  experimentally  established  in  all 
cases  of  rest  or  motion — a  circumstance  which,  if  it  were  true, 
would  be  decisive  as  to  any  value  which  the  above  formulae  may 
possess  in  physics.  Inasmuch,  however,  as  after  my  pointing  out 
that  the  proof  of  Boyle's  lawwas  limited  to  the  case  of  equilibrium, 
Mr.  Strutt  does  not  repeat  his  statement,  I  might  conclude  that 
he  had  altered  his  opinion,  but  for  the  occurrence  of  certain  ex- 
pressions of  a  contrary  tendency. 

I  desire  to  know  definitely,  therefore,  first,  whether  Mr.  Strutt 
still  considers  that  Boyle's  law  has  been  experimentally  proved 
in  the  case  of  motion,  and,  secondly,  what  are  the  experiments 
upon  which  he  rests  this  conclusion. 

From  not  having  bestowed  sufficient  consideration  on  the  for- 
mulae, Mr.  Strutt  has  completely  misapprehended  their  signifi- 
cance. 

For,  suppose  that,  when  t  =  0,  p  and  v  have  respectively  the 
definite  values/,(a:'),/2(a'),  then  (1)  gives  us 


''=-y^+4-^''^'+7^}'  • 


(3) 


but  this  docs  not  determine  the  law  of  pressure  which  prevails 
when  ^  =  0,  for  the  obvious  reason  that  (f)  is  arbitrary.  So  far 
is  it  from  being  the  fact  that  a  knowledge  of  the  law  of  density 
and  the  law  of  velocity  prevailing  in  the  fluid  at  a  given  time 

*  Mr.  Strutt,  after  writing  the  equation 
dv  _  I    dp 
di~  B  dx' 
properly  remarks  that  another  equation  requires  to  be  added,  viz. 

d_  ('0\do 
dt\p  I      dx 

This  last,  however,  is  inchuled  in  the  single  equation  of  the  text,  in  virtue 

p  .  1     •     ,  .        d  ldy\_  d  /dy\  dy     D 

of  the  analytical  condition,  jt  lx,j~  ~r  (w/ )'  '^""  of  the  fact  that  -r . 
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enables  us  to  determine  the  law  of  pressure  in  the  fluid  at  that 
time,  that  the  law  of  pressure  at  the  time  in  question  may  be 
any  whatever.  In  fact,  if  when  ^=0  we  have  p=f^[x),  where /3 
denotes  any  continuous  function,  we  shall  have 

an  equation  which  can  be  satisfied  by  means  of  </>,  and  of  which 
indeed  it  is  the  special  and  exclusive  office  to  determine  <^.  This 
can  be  done  as  follows  : — 

Putting  f(^.      « 

and  solving  with  respect  to  x,  we  get 

^=  funct.  «o=y^(&))  suppose. 
Hence  (4)  becomes 

which  determines  the  form  of  <^. 

It  thus  appears  that  the  office  performed  by  (1)  is  of  this  kind  ; 
viz.  the  law  of  pressure  prevailing  at  a  certain  time,  and  also  the 
laws  of  velocity  and  density  pi'cvailing  at  the  same  time  being 
given,  (1)  enables  us  from  those  data  to  determine  the  law  of 
pressure  prevailing  in  the  same  case  of  motion  at  any  other  time. 
Obviously,  therefore,  it  is  as  unreasonable  for  Mr.  Strutt  to  ask 
me  to  state  "  the  real  physical  law  of  pressure  true  at  all  times 
and  places,^^  as  it  would  be  for  me  to  require  him  to  determine 
in  any  particular  case  of  motion  the  velocity  and  density  at  any 
instant  by  means  of  Euler^s  equations,  without  afi^ording  him 
any  information  as  to  the  circumstances  of  tlie  initial  motion. 

Of  the  particular  cases  of  failure  which  I  have  adduced  against 
the  rec(!ived  law  of  gaseous  pressure,  the  first  which  Mr.  Strutt 
considers  is  that  of  a  closed  cylinder  tilled  with  air,  which  at  the 
time  /  is  destitute  of  velocity,  but  in  which  the  density  to  the 
right  of  a  certain  plane;  is  uniformly  equal  to  J2D,  while  that  to 
the  left  of  the  |)lane  is  J).  1  contend  that  if  tlu;  n^ceived  law 
of  pressure  held  under  tliese  circumstances,  it  would  contradict 
the  principle  that  action  and  reaction  are  equal  and  (>])p()site. 

Mr.  Strutt  meets  this  by  suggesting  that  "an  infinitely  small 
....  layer  of  air  situated  at  the  boundary  is  subject  to  an  infi- 
nite acceleration,"  and  that  the  fact  "  that  the  pressures  which 
act  on  its  two  fac(;s  are  unequal  is  thc^refore  not  in  contradiction 
to  any  true  principle." 

Now  by  "inllnitely  small"  Mr.  IStrutt  must  mean  here  "in- 
definitely small,"   whereas  all   the  circumstauces  which    1   have 
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supposed  to  exist  at  the  time  t  are  precise  and  definite.  That 
any  thing  indefinite  should  arise  out  of  that  state  of  circumstances 
is  simply  impossible.  In  the  case  supposed,  acceleration  may, 
and  indeed  will  occur  at  the  time  t ;  but  the  breadth,  great  or 
small,  over  which  it  prevails  must  be  a  definite  breadth  ;  and 
whether  great  or  small,  if  it  have  magnitude,  if  it  have  existence, 
throughout  that  breadth  Boyle's  law  does  not  hold.  Mr.  Strutt's 
apology  for  the  law,  therefore,  in  this  case  of  its  manifest  failure, 
is,  in  effect,  simply  an  admission  of  its  failure,  coupled  with  an 
wholly  unfounded  assertion  that  the  failure  will  be  confined 
within  extremely  narrow  limits. 

The  next  case  treated  of  by  ]\Ir.  Strutt  is  where  a  vertical  cy- 
linder closed  at  its  lower  end  has  an  air-tight  piston,  capable  of 
working  freely  in  the  upper  part  of  it,  which  is  exactly  supported 
by  the  air  beneath.  I  contend  that  if  the  received  law  of  pres- 
sure were  true,  the  placing  of  an  additional  weight  at  the  time  t 
upon  the  piston  under  the  above  circumstances  would  not  de- 
stroy the  equilibrium ;  for  at  the  time  /,  when  the  weight  is 
upon  the  piston,  the  density  is  unaltered ;  therefore,  according 
to  the  received  law  the  pressure  of  the  air  upon  the  piston  will 
be  unaltered,  and  the  pressure  of  the  piston  upon  the  air  (which 
must  be  exactly  equal  to  the  latter)  will  also  be  unaltered ;  i.  e. 
the  introduction  of  the  additional  weight  leaves  the  actions  be- 
tween the  different  parts  of  the  system  precisely  what  they  were 
during  equilibrium*. 

Mr.  Strutt,  on  the  other  hand,  maintains  that  "precisely  the 
same  argument  may  be  used  to  prove  that  a  body  cannot  begin 
to  fall  under  the  influence  of  gravity ;  for  a  body  cannot  leave 
its  initial  position  without  acquiring  velocity,  and  (by  the  law 
of  energy)  cannot  possess  a  velocity  without  having  already  fallen. 

Now  the  fallacy  of  this  argument,  to  prove  that  a  body  cannot 
fall  from  rest  under  the  intiuence  of  gravity,  may  be  exposed  in  a 
moment.  If  by  the  allegation  that  "a  body  cannot  leave  its 
initial  position  without  acquiring  velocity  "  is  meant  that  acqui- 
sition of  velocity  is  the  necessary  result  of  its  leaving  the  initial 
position,  the  argument  involves  a  nan  sequitur.  For,  granting 
what  is  here  affirmed,  and  granting,  with  or  without  the  aid  of 
the  law  of  energy,  that  the  body  "  cannot  possess  a  velocity  with- 

Another  way  of  expressing  the  argument  is  as  follows : — Change  of 
density  can  only  occur  through  motion  of  the  j)anicles;  but  the  particles 
being  originally  at  rest  anil  the  system  in  equilibrium,  motion  of  the  par- 
ticles can  only  occur  from  change  of  presjure.  In  other  words,  change  of 
pressure  (the  cause)  must  precede  the  motion  which  it  effects,  and  must 
precede  therefore  the  change  of  density  which  results  from  the  latter.  But 
the  received  law  of  pressure  asserts  the  contrary,  viz.  that  change  of  den- 
sity must  precede  change  of  pressure,  which  is  absurd. 
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out  having  fallen/'  the  conclusion  arrived  at  simply  does  not 
follow  from  the  premises. 

If,  on  the  other  hand,  by  the  above  allegation  is  meant  that  a 
body  cannot  move  from  a  particular  position  unless  it  have  pre- 
viously acquired  a  certain  velocity,  the  point  to  be  proved  is 
simply  taken  for  granted. 

If  I  have  misunderstood  the  point  of  Mr.  Strutt's  paradox,  I 
trust  that  he  will  set  me  right  in  regard  to  it;  and  as  he  must 
be  well  acquainted  with  the  fallacy  which  it  involves,  he  will 
perhaps  not  object  to  state  distinctly  in  what  that  fallacy  consists. 

As  to  the  paradox  which  I  have  brought  forward,  I  contend 
that  its  fallacy  consists  in  the  false  assumption  of  the  received 
law  of  pressure.  If  Mr.  Strutt  is  not  satisfied  with  this  expla- 
nation, I  must  call  upon  him  to  state  definitely  the  particular 
point  in  which  my  reasoning  is  defective,  instead  of  contenting 
himself  with  a  vague  assertion  of  analogy,  where,  as  I  contend, 
nothing  of  the  kind  exists. 

Mr.  Strutt  thinks  I  '/must  admit  that  it  is  remarkable  that 
so  apparently  reasonable  a  law  should  lead  to  such  absurd  con- 
clusions." 

I  view  the  matter  in  a  totally  different  light.  In  any  syste- 
matic investigation  of  the  subject  which  may  be  made  in  the 
present  state  of  our  experimental  knowledge,  it  appears  to  me 
so  much  a  matter  of  course  to  assume  that  the  expression  for  the 
pressure  will  contam  both  velocity  and  density,  and  the  con- 
trary supposition  appears  to  me  to  be  so  opposed  to  every  sound 
principle,  that  the  signal  failure  of  the  latter  is  exactly  what  I 
should  have  expected.  It  was  in  fact  this  anticipation  that  led 
me  to  the  examination  which  has  resulted  in  the  detection  of 
the  cases  of  failure  I  have  here  and  elsewhere  adduced.  With 
the  statement  of  one  of  them,  of  somewhat  peculiar  character,  I 
will  conclude  these  remarks. 

In  the  last  case,  a  vacuum  being  supposed  to  exist  above  the 
piston,  suppose  that  instead  of  an  additional  weight  being  intro- 
duced the  piston  is  suddenly  removed  at  the  time  /,  then  at  the 
time  /,  the  density  of  the  air  being  throughout  unaltered,  we 
shall  have  according  to  the  received  law  a  finite  pressure  at  the 
highest  point  of  the  aerial  mass;  i.  e.  we  shall  have  a  pressure 
where  notliincj  is  pressed  \ — a  conclusion  opposed  alike  to  the  dic- 
tates of  common  sense  and  the  significance  of  language. 

6  New  Squnre,  Lincoln's  Inn, 
Jauuurv  (J,  18/3. 
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XIV.    On  Manometric  Flames. 
By  Dr.  Rudolph  Konig  {of  Paris). 

[Concliuled  from  p.  18.] 

[With  a  Plate.] 

Decomposition  of  Sounds  into  their  simple  Tones. 

THE  same  resonators  (Helniholtz's)  which  serve  for  analysis 
of  sounds  by  means  of  the  ear,  are  also  of  use  for  the  visible 
dissection  of  sounds  by  the  flames.  To  this  end  I  construct  an 
apparatus  with  eight  resonators  tuned  to  the  harmonic  notes  of 
c,  each  of  which  is  connected  with  a  manometric  flame.  These 
eight  flames  are  placed  in  a  slanting  line  one  above  the  other, 
and  show,  in  the  rotating  mirror  fixed  in  the  same  direction, 
eight  parallel  bands  of  light  when  in  repose,  and  when  in  vibra- 
tion eight  waved  lines  (tig.  11),     Of  course  in  this  case  each 

Fi2.  11. 


tlamc  must  be  perfectly  independent  of  the  other,  and  each  flame 
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vibrate  only  when  its  particular  resonator  is  put  in  action  by  a 
note  in  unison ;  the  notes  not  contained  in  the  series  of  reso- 
nators must  have  no  efifect  whatever  on  any  of  the  flames.  In 
order  to  show  how  far  the  apparatus  fulfils  these  conditions,  I 
usually  employ  a  series  of  tuning-forks  on  sounding-chests, 
which,  particularly  a  few  moments  after  being  sounded,  give 
almost  simple  notes.  , 

I  first  take  forks  which  are  in  tune  with  the  resonators,  and 
sound  them  singly,  and  show  that  only  the  bands  of  light  which 
correspond  to  their  notes  dissolve  into  vibrations,  so  that  several 
simple  notes  must  be  sounded  to  cause  the  appearance  of  several 
serrated  bands  of  light.  By  means  of  a  tuning-fork  not  in  tune 
with  the  resonators,  I  can  then  show  that  its  note,  even  when 
sounded  with  considerable  force,  has  no  effect  on  the  flames.  A 
note  sounded  with  very  great  intensity  may  indeed  have  some  effect 
on  all  the  flames,  through  the  resonators ;  but  this  case  will  not 
give  rise  to  error,  as  all  the  flame-series  appear  equal,  whereas, 
when  resonance  takes  place,  the  number  of  the  single  flame- 
waves  in  the  series  increases  upwards  in  the  proportion  of  1  :  2  :  3 
&c.,  and  their  width,  of  course,  decreases  in  the  inverse  ratio. 

After  demonstrating  in  this  way  the  nature  of  the  apparatus, 
I  produce  before  it  a  sound  whose  fundamental  is  c ;  and  the  ser- 
rated bands  of  light  then  show  by  what  harmonic  notes  the  fun- 
damental is  accouipanied,  as  well  as  the  relative  intensities  of 
these  notes.  If  before  the  apparatus  we  play  the  ^  of  the  vioHn, 
for  which  the  apparatus  has  no  resonator,  the  octave  g  vibrates 
strongly,  and  the  c  of  the  same  instrument  resolves,  together 

with  the  flame  of  the  fundamental,  that  of  the  octave  c.  An 
open  organ -pipe,  of  small  diameter,  tuned  to  c,  when  forcibly 
blown,  set  the  first  five  flames  in  vibration,  but  the  third  vibrated 
more  strongly  than  the  octave.  A  closed  organ-pipe  with  the 
same  fundamental  caused  the  twelfth  to  appear  very  strong,  and 
the  fifth  very  weak.  A  protruding  tongue  without  a  sounding- 
cup  resolved  the  first  six  harmonic  notes  with  pretty  regularly 
decreasing  intensity. 

On  singing  the  vowel  U,  the  octave  as  well  as  the  fundamental 
shows  rather  strong  vibrations,  and  only  sometimes  a  trifling 
efi'ect  may  be  observed  on  the  third  note.  I),  on  the  contrary, 
excites  the  flames  of  the  third  and  fourth  notes  very  strongly, 
while  the  vibrations  of  the  octave  are  weaker  than  with  U.  The 
fifth  flame-band  is  serrated,  but  slightly,  with  0.  With  OA 
the  region  of  greatest  intensity  becomes  higher;  it  is  the  fourth 
and  fifth  notes  v.hich  show  the  deepest  indentations  in  the  band 
of  light,  while  the  lower  notes  are  weaker.  With  A  all  the  flames 
are  resolved  up  to  the  seventh,  and  the  fourth,  fifth,  and  sixth 
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vibrate  with  great  force.  When  E  is  sung,  we  see  the  funda- 
mental accompanied  by  the  octave  weakly,  and  very  strongly  by 
the  twelfth.  The  double  octave  and  its  third  show  vibrations  of 
moderate  intensity ;  and  the  seventh  flame  shows  traces  of  the 
existence  of  the  seventh  tone.  The  letter  I  sung  on  c  gives  a 
strong  movement  to  the  flames  of  the  octave  and  the  funda- 
mental only,  while  all  the  other  flames  are  in  repose. 

The  resonators  7  and  8  (c)  of  the  apparatus  cause  their  flames 
to  vibrate  with  difficulty,  and  the  notes  must  be  very  strong. 
We  have  now  reached  the  limits  within  which  the  flames  can  be 
usefully  employed. 

As  this  apparatus  does  not  permit  us  to  choose  the  funda- 
mental tone  of  the  vowel  or  of  any  other  sound  which  is  to  be 
analyzed,  it  is  adapted  rather  to  demonstration  than  to  further  in- 
vestigation. However,  to  make  it  more  useful  for  the  latter  pur- 
pose, I  have  constructed  a  second  model  (fig.  12),  in  which  the 

Fis.  12. 


108  Dr.  R.  Konig  on  Manometric  Flames. 

eight  spherical  resonators  are  replaced  by  fourteen  universal 
resonators.  These  resonators  consist  each  of  a  cylinder,  its 
length  about  equal  to  its  diameter,  which  is  formed  by  two  pipes 
placed  one  within  the  other.  The  outer  of  these  pipes  termi- 
nates at  one  end  in  a  hemisphere,  from  which  the  tube  for  the 
ear  is  carried,  as  in  the  spherical  resonators.  The  opposite  end 
of  the  inner  pipe  is  closed  by  a  plate,  in  the  middle  of  which 
there  is  an  opening  for  the  passage  of  the  enclosed  air  to  the  ex- 
terior atmosphere.  This  arrangement  permits  us  by  drawing 
out  the  pipe  to  increase  the  mass  of  air  in  the  resonator,  and  to 
lower  its  tone  by  a  third.  On  the  inner  tube  lines  are  drawn 
which  indicate  how  far  the  outer  orle  must  be  drawn  out  for  the 
different  notes.  The  deeper  resonators  of  the  series  are  so  con- 
structed that  the  highest  note  of  the  larger  shall  always  reach 
to  the  lowest  of  the  next  smaller  one.  In  the  higher-toned 
resonators  this  would  not  be  sufficient,  because  the  sixth,  seventh, 
and  eighth  accessory  notes  approach  each  other  so  nearly  that 
the  necessity  might  occur  of  forming  two  of  them  with  the  same 
resonator.  Since,  therefore,  the  highest  notes  of  the  deeper  are 
a  whole  note  above  the  lowest  notes  of  the  next  upper  resonator, 
the  whole  series  contains  the  following  notes: — 1,  G-B ;  2,^-dis ; 

3,  dis-fis ;  4,  jis-a ;  5,  a-c ;  6,  c-e ;  7,  e-gis ;  8,  gis-c ;  9,  c-e ; 

10,  d-f;  11,  e-gis;  \2,f-a',  13,  gis-e;   14,  c-rf.  _ 

The  series  of  overtones  for  the  notes  of  both  octaves  from  C-c 
are  to  be  found  in  the  resonators  placed  opposite  to  each  in  the 
following  Table : — 

C:       2,  4,  5,  6,  7,  8,  9,  10.      c  :  2,  5,  7,  8,  9,   U,  13,  14. 

D:       2,  4,  6,  7,  8,  9,  10,  11.      d:2,  (5,  8,  9,  10,  12,  13,  14. 

E:       3,  5,  6,  7.  8,  9,  10,  11.       e :  3,  (J,  8,  9,  11,  13,  14. 

F:       3,  5,  7,  8,  9,  10,  11,  13.      /  3,  7,  8,  11,  12,  13. 

G:  1,  4,  6,  7,  8,  9,  10,  11,             g -,4,  7,  9,  11,  13. 

A  :  1,  4,  6,  8,  9,  10,  11,  12,             a  .  5,  8,  9,  12,  14. 

H  :  1,  5,  7,  8.  9,  11,  12.  13,             h-.b,  H,  11,  12. 

c:5,  8,  11,  13. 

For  the  fundamentals  C-F  the  resonators  arc  wanting,  but 
one  can  make  observations  up  to  the  ninth  note  of  the  sound. 
For  the  sounds  G-rf  the  resonators  serve  to  the  eighth  note; 
then  they  begin  to  fail ;  at  e  we  can  employ  only  six  flames,  at 
/five  ;  and  at  last  at  c  but  three  for  the  overtones. 

Although,  as  before  mentioned,  it  is  indicated  on  each  reso- 
nator how  far  it  must  be  drawn  out  for  the  different  notes,  yet  it 
is  as  well,  in  order  to  have  exact  results  with  the  apparatus,  par- 
ticularly if  the  fundamental  of  the  sound  to  be  investigated  does 
not  exactly  coincide  with  one  of  the  indicated  notes,  to  employ 
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the  following  mode  of  giving  the  desired  pitch  to  the  resonators 
in  question. 

Tune  a  string  of  the  sonometer  to  the  fundamental  tone  of  the 
sound,  and  produce  on  it  the  harmonic  notes  one  after  another. 
Then  place  the  proper  resonator  in  communication  with  the  ear 
instead  of  with  the  manometric  capsule;  and  while  the  india- 
rubber  tube  is  in  the  ear,  it  becomes  very  easy  to  determine  their 
arrangement  and  the  position  for  the  strongest  resonance. 

After  having  tuned  eight  of  these  resonators  to  c  and  its  over- 
tones, I  repeated  the  same  experiments  with  this  apparatus  as  T 
tried  on  the  spherical-resonator  apparatus,  and  obtained  exactly 
the  same  results.  There  was  not  the  least  sign  of  any  weakened 
sensitiveness  in  the  flames ;  so  that  this  apparatus  appears  to  me 
exactly  fitted  for  more  exact  and  searching  experiments  on  sounds 
in  general,  and  particularly  those  of  the  human  voice,  at  least 

those  composed  of  notes  which  do  extend  beyond  c.  It  is  to  be 
remarked  that  direct  employment  of  the  resonators  with  the  ear 
does  not  succeed  far  beyond  this  limit. 

Unfortunately  I  am  now  couviuced  that  the  state  of  my  voice 
does  not  permit  me  to  investigate  any  further  in  this  direction, 
as  I  had  intended  ;  so  I  must  be  content  to  show  the  capabilities 
of  the  apparatus,  as  I  shall  again,  when  describing  the  method  of 
experimenting  on  the  vowel-sounds,  and  others  also,  by  the  eli- 
mination of  single  accessory  notes,  or  whole  series  of  them. 

Interference-phenomena. 

In  my  description  of  the  results  obtained  by  the  combination 
of  the  notes  of  two  organ-pipes  I  have  not  mentioned  unison. 
The  combination  of  two  notes  in  unison  has  a  special  interest, 
on  account  of  the  communication  of  the  vibrations  and  the  in- 
terference-phenomena which  may  be  observed  therein.  I  there- 
fore preferred  deferring  their  description  until  now,  when  I  could 
explain  them  in  connexion  with  other  similar  experiments. 

If  we  place  two  organ-pipes  tuned  in  unison  in  communication 
with  two  flames  and  sound  only  one  of  them,  the  flame  of  the  other 
shows  that  its  air-column  also  vibrates  in  sympathy  throu"-h  com- 
munication; and  this  passing  on  of  the  vibrations  takes  place  even 
if  the  organ- pipes  are  not  in  exact  unison  with  each  other,  and 
therefore  when  sounded  together  cause  beats  to  be  heard.  13ut  it 
is  to  be  remarked  that  in  this  case  the  sympathetic  pij)e  does  not 
form  its  own  vibrations,  but  only  vibrations  which  are  exactly  in 
unison  with  those  of  the  one  acting  on  it,  so  that  beats  arc  neither 
heard  nor  their  effects  seen  in  the  flame.  If,  however,  we  blow  the 
second  organ-pipe  and  thus  cause  its  own  vibrations,  they  unite 
with  the  resonance-vibrations,  and  the  flame  shows  clearly,  by 
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its  violent  flickering,  the  existence  of  beats,  which  are  also  heard 
distinctly. 

I  draw  particular  attention  to  this  isolated  occurrence  of  the 
resonance-vibrations  in  the  air-column,  because  it  is  not  exhi- 
bited by  the  influence-phenomena  of  two  strings  stretched  above 
the  same  sounding-board;  but  the  proper  vibrations  combined 
with  resonance-vibrations  appear  in  the  string  influenced,  with- 
out its  being  struck  or  bowed. 

It  is  known  that  the  beats  of  two  such  mutually  sympathetic 
strings  accommodate  themselves  to  each  other  in  such  a  manner 
that  the  one  reaches  the  maximum  amplitude  of  its  vibrations 
when  the  other  is  at  the  minimum.  Now  the  flames  of  the  two 
sympathetic  organ-pipes  exhibit  the  same  phenomenon,  for  as 
the  one  rises  the  other  falls ;  both,  however,  must  be  blown  at 
the  same  time,  whilst  it  is  only  necessary  to  play  on  one  of  the 
strings. 

When  the  pipes  are  in  perfect  unison,  and  their  single  vibra- 
tions mutually  adapt  themselves  in  the  same  way  as  the  beats 
did,  i.  e.  that  in  the  node  of  the  one  there  is  a  condensation  of 
the  atmosphere  when  in  the  other  a  rarefaction  takes  place,  then 
the  whole  process  can  be  clearly  observed  in  the  two  flames  if 
we  place  them  one  beneath  the  other  in  a  vertical  line.  Both 
flames  show  their  vibrations  unweakeued ;  yet  their  individual 
pictures  in  the  rotating  mirror  are  not  beneath  each  other  in 
the  two  lines,  but  alternate. 

If  both  notes  act  together  on  the  same  flame,  they,  of  course, 
at  the  beats  show  more  violent  flickerings  than  did  the  two 
flames ;  for  the  latter  were  produced  by  direct  and  by  sympathetic 
and  therefore  unequally  strong  vibrations  in  the  same  air-column, 
whilst  the  present  ones  are  formed  by  direct  and  therefore  nearly 
equally  strong  notes  in  two  similar  air-columns.  If  the  two 
notes  are  approximated  gradually  to  unison,  we  observe  that  the 
oscillations  cannot  be  made  slower  at  will,  as  with  tuning-forks, 
but  at  a  certain  limit  they  disappear  suddenly,  and  both  air- 
columns  vibrate  as  one  system,  i.  e.  as  two  somewhat  differently 
tuned  bodies  that  are  so  closely  united  and  therefore  act  so 
strongly  on  one  another  that  neither  can  give  its  proper  note  in 
its  integrity,  and  the  consequence  is  that  only  a  single  interme- 
diate note  is  produced.  This  note  is  more  powerful  than  that  of 
a  single  organ-pipe;  and  the  flame  shows  in  tlu;  centre  of  its 
interior  a  brilliant  waist,  which  rises  above  a  non-brilliant  blue 
broad  hollow  space.  As  it  approaches  })erfect  unison  more 
and  more,  the  height  of  this  dark  space  increases,  the  brilliant 
waist  vanishes  ;  and  when  uni.>on  is  attained  the  ilame  appears  in 
complete  repose.  At  the  same  moment  tiie  strong  fundamental 
has  almost  disappeared,  and  we  hear  the  first  overtone  clearly 
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produced ;  for  it  is  known  that,  there  being  a  diflFerence  of  half 
a  vibration-period  between  two  equal  sounds  in  unison,  while 
the  fundamental  and  the  odd  overtones  are  destroyed,  all  the 
even  overtones  in  both  sounds  vibrate  without  difference  of  phase 
and  strengthen  one  another.  The  flame  also  makes  the  octave 
recognizable  in  the  rotating  mirror,  since  we  see  a  series  of  low 
wide  flame-pictures,  of  which  each  single  one  is  forked.  It  is 
well  in  this  experiment  to  employ  a  rather  stronger  air-pressure, 
in  order  to  increase  the  intensity  of  the  octave  in  the  sound  of 
the  pipes. 

As  this  prominence  of  the  octave  at  the  mterference  of  the 
fundamentals  of  two  sounds  is  demonstrated  particularly  well  by 
means  of  the  double  siren  of  Helmholtz,  I  represented  the  phe- 
nomenon in  this  case  also  by  the  tiames.  To  this  end  I  provided 
each  of  the  two  sounding-chests  over  the  turning  plates  with  a 
tube,  which  permitted  its  interior  space  to  be  placed  in  direct 
communication  with  the  tube  leading  to  the  capsule.  This  tube 
was  of  india-rubber,  thus  retaining  the  power  of  movement  within 
certain  limits  for  the  upper  wind-chest  of  the  siren,  so  as  to  be 
able  by  its  different  positions  to  produce  the  interference  or  to 
withdraw  it.  Invariably,  if  we  approach  the  siren-chest  to  the 
interferefnce-place,  we  see  the  great  vibrations  of  the  funda- 
mental gradually  disappear,  and  the  short  forked  flame  take 
their  place  as  the  picture  of  the  octave. 

A  particular  apparatus,  which  I  construct  for  the  observation 
of  interference-phenomena  of  the  most  various  kinds,  is  founded 
on  the  method  first  employed  by  Herschel,  and  after  him  by 
many  natural  philosophers.  This  is  to  produce  interference  by 
permitting  the  waves  from  the  same  source  to  traverse  two 
courses  differing  in  length  by  half  a  wave,  and  then  to  reunite 
them.  It  consists  of  a  tube  that  between  its  ends  branches  into 
two  arms,  one  of  which  can  by  drawing  out  be  lengthened  at 
will  (fig.  13).  If  wc  wish  a  complete  interference,  we  must  in- 
troduce a  simple  note  into  the  tube,  which  is  joined  to  a  reso- 
nator, before  which  we  sound  the  proper  tuning-fork.  If  we  now 
lengthen  the  one  arm  until  the  difference  of  length  of  the  two 
is  equal  to  half  the  wave-length  of  the  note  of  the  tuning-fork, 
the  waves  coming  from  the  two  arms  are  mutually  destroyed  at 
the  other  end  of  the  tube  ;  and  if  we  fix  this  into  a  small  cavity, 
over  which  a  manometric  capsule  is  placed,  we  see,  on  drawing 
out  one  of  the  arms  of  the  tube,  how  the  at  first  deeply  serrated 
flame-series  in  the  rotating  mirror  gradually  transforms  itself 
into  a  simjjle  band  of  light,  until  the  difference  of  a  half  wave- 
length is  attained. 

But  the  interference  can  be  shown  still  more  beautifully  by 
another  arrangement.     Instead  of  causing  the  arms  united  to  a 
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single  tube  to  act  on  a  capsule,  I  place  a  small  apparatus  to  both 
exits  of  the  two  tube-branches ;  this  is  so  arranged  that  now 

Fig.  13. 
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each  branch  is  in  communication  with  a  sepai'ate  capsule.  These 
two  capsules,  whose  action  on  each  other  is  annulled  by  two  ac- 
cessory capsules,  are  provided  with  two  gas-pipes  instead  of  one. 
On  a  stand  are  placed  three  burners,  which  are  fixed  at  diflPercnt 
elevations ;  the  centre  one  is  arranged  for  the  reception  of  two 
india-rubber  tubes.  I  connect  now  one  gas-pipe  of  the  one  cap- 
sule with  the  highest  burner,  one  pipe  of  the  other  capsule  with 
the  lowest,  and  by  means  of  the  remaining  two  exit-pipes  I  place 
both  capsules  in  communication  with  the  centre  burner.  If  I 
now  strike  the  tuning-forks  while  the  lengths  of  the  tube-branches 
are  equal,  the  three  (lames  in  tlie  rotating  mirror  show  three 
equally  deeply  serrated  flame-series  one  above  another,  of  which 
the  centre  alone  changes  into  a  simple  band  of  light  on  length- 
ening one  of  the  branches  a  half  wave-length  of  the  note,  while 
both  th(!  other  flames  continue  to  vil)nite  with  unchanged  inten- 
sity. Thus  we  have  here  at  the  same  time  a  view  of  the  action 
of  tlie  sound-waves  when  they  approach  through  the  one  arm 
alone,  when  they  have  passed  through  the  second  only,  and 
also  when  they  arrive  united  at  the  tlamc  after  passing  through 
both. 

If  in  these  experiments  we  employ  instead  of  a  tuning-fork 
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with  a  resonator  an  open  organ-pipe  of  not  too  great  diameter, 
during  the  interference  of  the  waves  of  the  fundamental  the 
vibrations  of  the  octave  become  again  prominent.  13y  interference 
we  can  remove  not  only  the  fundamental,  but  any  overtone  we 
please  from  a  sound,  as  may  be  clearly  demonstrated  with  the 
above-described  covered  pipe.  I  conduct  the  sound  into  the 
apparatus,  while  I  connect  with  it,  after  the  removal  of  the  gas- 
burner,  the  capsule  at  the  end  by  means  of  an  india-rubber  tube. 
If  I  then  draw  out  the  one  tube  so  far  that  interference  ensues 
for  note  3,  the  centre  flame  in  the  mirror  shows  the  simple 
flame-series  of  the  fundamental,  while  the  two  others  form  the 
picture  before  described  (lig.  5,  PI.  I.),  resulting  from  the  com- 
bination of  notes  1  and  3.  In  the  same  way  we  can  banish 
from  vowel-sounds  various  overtones,  or  rather  whole  series  of 
them,  which  ofi'ers  a  new  and  fruitful  method  for  the  investiga- 
tion. In  these  experiments  the  arrangement  with  three  flames 
is  particularly  useful,  because  the  upper  and  lower  flames  remain- 
ing always  unchanged  permits  the  sHghtest  alteration  in  the 
middle  one  to  be  observed.  Thus,  for  example,  the  vowel  U 
sung  on  c  into  the  apparatus  shows  the  fundamental  only  weakly, 
accompanied  by  the  octave.     If  we  place  the  apparatus  so  that 

the  waves  of  c  interfere,  every  trace  of  this  octave  is  lost,  whereas 
on  the  interference  of  the  fundamental  two  narrow  flames  of 
almost  equal  height  take  the  place  of  each  wide  flame  ;  these 
narrow  flames  represent  the  octave,  now  almost  alone.  With  O 
sung  on  the  same  note  (when  the  fundamental  is  accompanied 
much  more  strongly  by  the  octave  than  with  U)  we  can  make 
the  same  experiments ;  only  here  at  the  interference  of  the  octave 
the  note  3  becomes  prominent,  whilst  the  wide  flame  of  the  fun- 
damental spreads  out  into  three  diminishing  summits.  A  sung 
on  c,  at  the  interference  of  the  third  note  brings  forward  strongly 
the  octave  with  the  fundamental.  If  the  waves  of  the  octave 
interfere,  there  appears  a  group  of  five  flame-summits,  which 
appear  to  indicate  the  notes  1,  3,  and  5.  If  we  suppress  the  fun- 
damental and  with  it  the  notes  3,  5,  &c.,  there  appears  a  simple 
flame-series,  which  is  formed  by  the  octave  alone. 

These  phenomena  are  nevertheless  not  always  of  so  simple  a 
nature  as  in  these  examples,  when  it  is  a  question  of  more  com- 
posite flame-groups  of  tlie  deeper  sounds ;  and  therefore  I  will 
now  call  attention  to  the  fact  that,  on  lengthening  one  of  the 
tubes  of  the  apparatus,  we  often  see  suddenly  very  great  changes 
in  the  flame-picture  when  the  former  is  between  the  interference- 
points  of  two  successive  overtones  of  the  sound.  This  is  then  the 
interference-point  of  the  lower  octave,  or  twelfth  of  a  higher 
overtone  of  the  sound,  which  is  in  this  way  removed. 
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In  the  place  of  the  forked  tube  into  which  in  all  the  fore- 
going experiments  the  note  or  sound  was  introduced,  we  can  put 
two  separate  tubes  of  exactly  equal  length  and  form,  each  con- 
sisting of  three  separate  pieces  inserted  one  in  another  and 
capable  of  being  turned  round  so  that  we  can  move  the  two 
openings  at  their  ends  in  any  direction  we  please  without  altera- 
tion of  the  length  of  the  tube  or  of  the  form  of  its  turnings. 
This  arrangement  permits  then  the  entrance  of  the  note  of  two 
different  points  of  a  vibrating  body  into  the  apparatus — for 
example,  of  two  vibrating  bridges  of  a  plate  with  contrary  signs, 
or  of  the  same  place  on  its  opposite  surfaces  :  in  both  these  cases 
the  interference  takes  place  when  the  two  paths  are  equal,  and 
the  tone  first  becomes  audible  when  the  interference  is  destroyed 
by  lengthening  one  of  the  compound  tubes. 

In  order  to  adapt  the  apparatus  to  the  demonstration  of  the 
wave-lengths  of  a  note  in  different  gases,  and  for  the  experiments 
of  Zoch,  I  have  provided  the  pipes  with  two  cocks,  which  serve  to 
fill  and  empty  them.  Of  course,  if  we  experiment  with  any  other 
gas  than  atmospheric  air,  the  resonator  cannot  remain  in  direct 
communication  with  the  interior  of  the  pipe ;  and  therefore  we 
must  in  that  case  place  between  them  a  small  cavity,  which  is 
divided  in  the  centre  by  a  thin  membrane  into  two  halves — the 
one  to  be  united  with  the  pipe,  the  other  with  the  resonator. 
Besides  we  must  then  have  india-rubber  rings  to  draw  over  the 
«nds  of  the  tubes  which  are  only  placed  within  each  other,  so 
that  the  gas  cannot  escape  at  these  places. 

It  is,  of  course,  understood  that  this  apparatus  permits  the 
direct  observation  of  different  interference-phenomena  by  the  ear, 
and  consequently  the  I'epetition  of  the  experiments  of  Mach, 
Quincke,  and  others.  For  this  purpose  we  have  but  to  place 
one  of  the  forked  tubes  before  the  apparatus  and  connect  the 
former  with  the  ear  by  an  india-rubber  tube. 


XV.  On  the  best  Arrangement  of  Wheatstone's  Bridge  for  mea- 
suring a  given  resistance  with  a  given  Galvanometer  and  Battery. 
By  Oliver  Hkaviside,  Great  Northern  Telegraph  Company, 
Newcastle-on-  Tyne  *. 

IN  the  figure,  a,  b,  c,  and  d  are  the  four  sides  of  the  electrical 
aprangcment  known  as  Whcatstone's  bridge  or  balance,  e 
the  galvanometer,  and/ the  battery  branch.  Tiiroughout  tiiis 
i)ap(T  d  is  supposed  to  be  the  resistance  to  be  measured,  and  e 
and  /  Ijoth  known.  The  problem  is  to  find  what  resistances 
should  be  given  to  the  sides  a,  b,  and  c  (which  we  are  able  to 

•  Commijiiicnfcd  by  the  Author. 
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vary),  so  that  the  galvanometer  may  be  afifected  the  most  by  any 
slight  departure  from  the  balance  which  occurs  when  a:b  =  c:d. 


The  nature  of  this  problem  may  be  more  easily  understood  from 
the  following  considerations  : — 

1.  If  i,  c,  d,  e,  and /are  given,  then  there  is  only  one  value 

be 
of  a  which  will  produce  a  balance,  viz.  a=  -j' 

2.  But  if  c,  d,  e,  and  /  are  given,  but  not  b,  then  there  is  an 
infinite  number  of  pairs  of  values  of  a  and  b  which  will  produce 
a  balance  by  satisfying  the  relation  a:  b  =  c  :  d;  and  one  parti- 
cular pair  will  constitute  the  best  arrangement,  by  which  is  meant 
that  the  galvanometer  will  be  most  sensitive  to  any  slight  depar- 
ture from  the  equality  of  t  and  -z  when  those  particular  values 

of  a  and  J  are  used. 

3.  And  if  only  d,  e,  and/  are  given,  then  for  any  value  we  give 
to  c  there  is  a  pair  of  values  of  a  and  b  which  constitutes  the 
best  arrangeraeht  for  that  value  ofc;  and  there  will  be  a  parti- 
cular value  of  c  which,  with  the  corresponding  values  of  a  and 
b,  will  be  the  best  arrangement  for  the  given  values  of  d,  e,  and,/*. 

In  order  to  find  what  functions  a,  b,  and  c  must  be  of  d,  e,  and/ 
to  constitute  the  best  arrangement,  it  will  be  first  necessary  to 
find  the  best  values  of  a  and  b  when  c,  d,  e,  and  /  are  given. 
This  I  now  proceed  to  do. 

It  is  well  known,  and  may  be  easily  proved  by  Kirchhoff's 
laws,  that  the  current  passing  through  the  galvanometer  is  re- 

12 
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presented  by  w  =  E  x 

[aA-h  +  c-^d){ad—hc) 

'\{a  +  b){c  +  d)  Jr{a^b  +  c  +  d)e\\{ai-c)[b  +  d)  +  {a  +  b^c  +  d)fY 

in  which  E  is  the  electromotive  force  of  the  battery,     [ad— be) 
may  be  positive,  negative,  or  nothing,  in  which  last  case  i/  =  0, 
and  a  balance  is  obtained,  no  current  passing  through  the  gal-     • 
vanometer. 

Dividing  both  numerator  and  denominator  of  (1)  by 

{a  +  b^c  +  df, 
it  becomes 

ad — be 

i.  =  Ex a^b  +  c  +  d .g. 

j{a  +  b){e  +  d)       Xj-{a  +  e){b  +  d)        \  ^' 

La-{-b  +  e  +  d         J\a  +  b  +  c  +  d     -^J 

from  the  form  of  which  it  may  easily  be  seen  that  the  best  value 
of  the  resistance  of  the  galvanometer  e,  when  a  balance  is  ob- 
tained and  the  other  resistances  are  fixed,  is,  as  Schwendler  has 
shown  in  the  Philosophical  Magazine  for  May  1866, 

{a  +  b)ic  +  d)   _      c  +  d 
^-  ^a  +  b  +  c  +  d)~      b  +  d'     •      •     •     •      l-^j 

that  is,  the  resistance  of  the  galvanometer  should  equal  the  re- 
sistance external  to  the  galvanometer,  being  the  joint  resistance 
of  the  two  parallel  branches  {a-\-b)  and  (e  +  d).  Also  it  may  be 
proved  that  the  best  arrangement  of  the  battery  is  obtained  when 
its  resistance  equals  the  external  resistance,  that  is, 

{a  +  c){b  +  d)  ^^   b  +  d 
•^       a  +  b  +  c  +  d         'c  +  d'       '     '     '     '      ^  ^ 

the  joint  resistance  of  the  two  parallel  branches  (a -fc)  and  (b  +  d). 

(In  passing,  I  may  notice  that  Schwendler,  in  the  paper  above 
referred  to,  anti  also  in  a  later  one  in  the  Philosophical  Magazine 
for  January  1867,  has  assumed  it  to  be  necessary  for  the  battery 
resistance  to  be  very  small,  in  order  that  the  relation  exhibited 
in  e(|uation  (3)  may  be  satisfied.  This  appears  to  me  to  be 
totally  unnecessary  ;  for  the  resistance  external  to  the  galvano- 
meter when  a  balance  is  obtained  is  quite  independent  of/,  the 
battery  resistance.  In  fact  the  proi)er  resistance  for  the  battery 
when  it  is  to  be  most  advantageously  used  is  given  by  ecpia- 
tion  (4).) 

As  in  the  present  pa|)or  wc  are  only  concerned  with  such  values 
of  a,  b,  c,  and  d  as  produce  a  balance,  or  nearly  so,  one  of  these 
four  resistances  may  be  elitninated  at  once.     Let  it  be  a.     Tiieu 
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{a  +  b){c  +  d)  ^^   c  +  d^ 
a  +  b  +  c  +  d         '  b  +  d 

{a  +  c){b  +  d)  _      b  +  d^ 
a  +  b  +  c  +  d         '  c  +  d 

^,^    ^  ,      {b  +  d){c  +  d)^ 
a  +  b  +  c  +  d  = ^ 

Substituting  these  in  equation  (2),  we  get 
{ad—bc)d 


an( 


ad — be  r^\ 

=  ^'^''  {bc  +  ef)[b  +  d){c  +  d)  +  ce[b+lf+hf{c  +  df'   ' 

Now  c,  d,  e,  and/beino-  fixed,  and  b  the  variable,  we  have  to 
make  u  a  maximum.  As^'Ec^  is  constant,  it  may  be  dismissed. 
As  to  the  numerator  {ad-bc),  it  vanishes  when  at  a  balance  ; 
but  of  course  such  a  thing  as  an  exact  balance  is  unattamable. 
Let  </  + A  be  the  real  value  of  the  resistance  we  are  measuring, 

d  being  the  calculated  value  — ,  and  A  a  small  difference,  then 

o(<7±A)-Jc=±gA. 

Therefore  the  numerator  varies  as  a  or  as  b,  since  in  the  present 
case  a  and  b  vary  together.     Hence  we  may  write  b  for  {ad— be). 

Thus 

_  b 

«-  {pc  +  ef)[b  +  d)[c  +  d)+ce[b  +  dY'  +  bf[c  +  dY 

By  differentiation  and  putting  ^=0,  we  obtain 

{bc  +  ef){b  +  d)[c  +  d)  +  ce{b  +  d)''  +  bf{c  +  dY  =  bc{b  +  d){c  +  d) 
+  b{bc  +  eJ){c  +  d)+2bce[b  +  d)+bf{c  +  dY; 

therefore 

ef\Jb  +  d)[c  +  d)+ce{b  +  df=^b{bc  +  ef){c  +  d)+Uce{b  +  d), 

def{c  +  d)  +  ce{b  +  df  =  b''c{c  +  d)+  2bce{b  +  d) , 

b^c{c  +  d  +  e)  =  de{cd  +  df+fc), 

which  gives  the  relation  sought. 


^/f■ 


cd+df+fc   _  ...     (6) 


c  +  d+e 
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and  as  G  =  -j,  therefore 


"-s/l 


cd+df+fc  . 

c  +  d+e        ^^^ 

d% 
These  values  of  a  and  b  will  be  found  to  make  -rr^  neeative  : 

therefore  they  give  the  most  sensitive  arrangement  for  the  fixed 
values  of  c,  d,  e,  and  /. 

If  b  vary  from  nothing  upwards,  it  will  be  found  that  u  rapidly 
increases  up  to  its  maximum  value  and  then  slowly  decreases, 
from  which  it  may  be  concluded  that  it  is  better  to  use  too  large 
values  of  a  and  b  than  too  small. 

In  case  c  =  d,  formulse  (6)  and  (7)  become 

a  =  b=^/cep^. (8) 

As  a  numerical  example  of  these  formulse,  suppose  the  resist- 
ance to  be  measured  d=\000  ohms,  the  galvanometer  e=500 
ohms,  the  battery  resistance  f=  100  ohms,  and  we  make 
c=1000  ohms;  then  the  best  values  for  a  and  b  will  be  found 
to  be  \/240,000=  100  s/24,  or  nearly  500  ohms. 

Having  thus  determined  the  relations  of  a  and  b  to  c,  d,  e, 
and/,  the  latter  resistances  being  fixed,  we  now  proceed  to  the 
second  part  of  the  problem,  to  detcimine  the  best  values  of  a, 
b,  and  c  when  only  d,  e,  and/  are  given.  This  is  the  case  which 
occurs  so  often  in  practice,  when  we  have  a  battery,  a  jaalvano- 
meter,  and  a  resistance  to  be  measured,  and  three  sides  of  a 
bridge  to  which  we  may  give  any  values  we  choose  (within  cer- 
tain limits). 

Insert  the  values  of  a  and  /;,  as  given  in  equations  (6)  and  (7), 
in  equation  (5);  then,  after  some  reductions,  we  obtain  w  = 

ad— be 

2de{cd-hdf+fc)-^  \{c  +  d-^e){cd+df+fc)  ^cde\  ^/i  .S^^±^p:f^ , 
'  V    c      c  +  a  +  e 

We  must  now  consider  c  the  independent  variable,  a  and  b 
being  dependent  variables,  [ad— be)  still  varies  as  a.  It  does 
not,  however,  vary  as  b,  but  as  the  product  be  or  ad,  since  d  is 
constant.  Therefore  we  may  put  the  known  value  of  be  in  the 
numerator  instead  of  {ad— he).     Thus  u  = 


x/ 


,  cd  +  df  +  fc 

•dc 7 — '^— 

e  +  d  +  e 


2de{ed  +  df+fc)+{{rid+c){rd+d/[fr)  +  cde\A/'^ .  "^  +  f+A ^ 
'  ^  V    c      c+d+e 
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Multiply  numerator  and  denominator  by  \/ -^ -, — r? — f> 

^'  ^     V   de    cd-\-df+fc' 

and  we  have 
c 

~  2's/cde  (c  +  fl?  +  e)  [cd  +  df+fc)  +  ( c  -[-  a?  +  e)  (erf  +  df-\-fc)  +  cde 

which  has  to  be  made  a  maximum.     Differentiating  and  putting 

dc        ' 

2\/cde{c  +  d+e)  {cd  +  df+fc)  +  {c  +  d+e){cd+  df+fc)  +  cde 
_  c 

\/cde  [cd  +  df+fc)  (c  +  d+e) 
X  {cde{cd  +  df+fc)  +  cde{c  +  d+e){d+f)  +  de{c  +  dTe)  {cd  +  df+fc)\ 
+  c{c  +  d+e){d+f)+c{cd+ df+fc) +cde. 
Therefore 

2y/cde {c  +  d  +  e) [cd  +  df+fc)  +  df{d+  e)  -c^{d+f) 

^cde{c{cd+df+fc)+c{c+d+e){d+f)  +  {c+d  +  e){cd+df+fc)\  ^ 
Vcde  {cd^df+fcj{c  +  d+e) 

Multiplying  both  sides  of  this  equation  by  the  denominator  on 
the  right-hand  side  and  reducing,  we  get 

\ df{d  +  e)-c^{d+f)\  Vcde {c  +  d+e)  {cd  +  df+fc) 

=  cde\c\d+f)-df{d+e)\, 

which  is  satisfied  by 

df{d  +  e)-c^{d+f)^0, 

which  gives  the  required  relation, 

'-\/Wf («) 

that  is,    c  equals  the  square  root  of  the  product  of  the  joint 
resistance  of  the  battery  and  the   resistance   to   be   measured 
into  the  sum  of  the  resistance  of  the  galvanometer  and  the  re- 
sistance to  be  measured.     Inserting  this  value  of  c  n   (G)   and 
(7),  we  find  the  values  of  a  and  b  to  be 

<^='^¥> (10) 


•=>^ 


d+f 


'^^''-dte (1^^ 


In  using  the  Wheatstone's  bridge  for  measuring  very  high 
resistances,  as,  for  instance,  the  insulation  resistances  of  (good) 
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telegraph  lines,   the   battery  resistance   is    usually  very  small 

in  comparison  with  that  of  the  line;  hence  -7^—7.  will  be  very 

little  different  from/.    "When  this  is  the  case,  formula  (9)  be- 
comes 

c^'^jij+e). 

If  also  the  galvanometer  resistance  is  small  compared  with  the 
resistance  to  be  measured,  then  these  equations  are  sufficient  for 
the  determination  of  b  and  c, 

b=  VJe, 

As  a  numerical  example  of  these  formulae,  suppose  /=100 
ohms,  e=1000  ohms,  and  </ is  known  to  be  about  1,000,000 
ohms.     Then  by  (10), 

a=  ^^1 00,000 =316  ohms. 
By  (9), 


■V! 


0^  X  1 02 

(106 +  103)  =  10004  ohms, 


10^+102 


6=  —  =31608  ohms. 
c 

These  values  of  a,  b,  and  c  will  be  the  best.     The  more  conve- 
nient arrangement, 

fl  =  300,         c  =  10,000, 

i  =  30,000,    </=  1,000,000, 

would  be  very  nearly  the  best. 

It  appears  to  me  that  the  formulse  (9),  (10),  and  (11),  or 
those  following,  will  be  found  of  considerable  practical  value.  If 
the  same  battery  and  galvanometer  be  always  used,  the  side  a  of 
the  bridge  will  be  a  constant  resistance,  and  a  Table  of  the  near- 
est convenient  values  of  b  and  c  could  be  easily  calculated  for  dif- 
ferent values  of  d.  Formula  (3),  which  is  Schwendler^s,  can 
evidently  have  only  a  very  limited  application,  as,  for  instance  to 
the  construction  of  galvanometers  for  particular  purposes.  For- 
mula (4)  could  be  sometimes  used;  but  it  is  a  troublesome  thing 
to  make  combinations  of  cells  for  "  quantity  "  or  "  intensity," 
besides  spoiling  them  if  they  arc  not  all  precisely  similar. 

In  conclusion,  if,  to  measure  a  certain  resistance,  the  best 
resistances  for  the  galvanometer,  battery,  and  the  three  sides  a^ 
h,  and  c  were  required,  then  we  should  have  to  make  a  =  b  =  c 
=  d=e=f,  which  can  be  proved  by  combining  equations  (3), 
(4),  (6),  and  (10).     This,  however,  is  more  curious  than  useful. 
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[Continued  from  p.  37.] 

Section  III.  On  the  Temperature  at  ichich  Nitric  Acid  acts 
upon  Sulphurous  Acid. 

IN  Section  1. 1  gave  one  or  two  laboratory  experiments  show- 
ing some  of  the  conditions  under  which  these  gases  act 
upon  each  other.  I  now  wish  to  show  the  temperature  at  which 
this  action  takes  place.  These  experiments  were  made  in  a 
similar  manner  to  the  former.  I  took  the  glass  globe  formerly 
used ;  and  into  this  the  mixed  gases  were  led  with  the  addition 
of  a  little  water;  it  was  then  placed  in  another  vessel  containing 
cold  water,  arranged  so  that  it  could  be  raised  to  any  required 
temperature,  or  boiled  if  necessary.  A  thermometer  communi- 
cated with  the  interior,  its  bulb  being  nearly  in  contact  with  the 
water  at  the  bottom  of  the  globe.  The  temperature  also  of  the 
exterior  water  was  accurately  observed.  At  the  commencement 
of  the  experiment  the  temperatures  w^re : — 

Experiment  I. 

Fahrenheit. 

o 

Interior  of  globe       .     .     .     36-7 
Exterior  water     ....     40'3 

the  interior  being  thus  a  little  cooler  than  the  exterior.  The 
water  was  now  cautiously  and  slowly  heated,  the  temperature 
being  observed  from  time  to  time,  whilst  the  first  formation  of 
acid  in  the  vessel  was  carefully  noted,  the  results  being : — 

Experiment  II. 

-.».     ,  Outside  water     Inside  globe  -n         i 

Minutes.       (Fahrenheit).     (Fahrenheit).  Remarks. 

o  o 

Commencement.     40-3  36*7         No  action,  ruddy  fumes. 

2  .     62-4  39  „ 

4  127-6         I'^^-S     /^"^^y  ^^^^^  ^^S^"  to 

L     disappear. 

6  154-3         ooO-'>      fl^emarkably    quick   and 

~      ~     \     energetic  action. 

The  globe  was  now  withdrawn  from  the  hot  water  in  which  it 
was  and  again  ])lunged  in  cold ;  the  temj)erature  soon  fell  to 
81°'5  Fahr. ;  but  no  change  took  place  in  the  action,  that  con- 
tinuing as  active  as  ever.  After  it  had  been  left  in  the  water 
some  time,  it  was  seen  that  the  great  fall  in  temperature  was 
only  temporary ;  it  soon  began  to  rise. 


123  Mr.  H.  A.  Smith  on  the  Chemistry  of 


Experiment  III. 

-.,•     ^                      Outside  water 
Minutes.                   (Fahrenheit). 

Inside  globe 
(Fahrenheit). 

O 

Commencement      .     .     45-6 

81-5 

2            ...     45-6 

92-3 

6           ...     45-9 

96-6 

at  which  temperature  it  remained  till  the  end  of  the  experiment. 
I  find,  then,  from  this  experiment  that  at  200°  F.  action  com- 
mences_,  that  at  that  temperature  the  sulphurous  acid  begins  to 
act  upon  the  nitric  acid,  whilst  the  second  experiment  shows 
that  the  heat  developed  by  the  action  itself  is  pretty  considerable. 
The  globe  was  now  left  for  twenty-four  hours  in  the  cold 
water  (see  exp.  II.),  and  after  that  time  had  elapsed  the  con- 
tents were  submitted  to  analysis.  I  here  give  the  result  of  three 
analyses : — 

per  cent. 

Sulphurous  acid      .     .     6"21 

Nitric  acid 

Sulphuric  acid    .     .     .  93'91 

100-12 
the  temperatures  at  time  of  this  analysis  being 

Fahrenheit. 

o 

Inside  globe     .     .     .     46-9 
Outside  water  .     .     .     47"3 

In  the  above  experiments  it  is  seen  that  the  temperature  never 
rose  to  the  point  of  boiling  water,  but  that  that  degree  was  very 
nearly  approached. 

Section  IV.  The  Distribution  of  Heat  in  the  Lead  Chamber. 

We  have  seen  in  the  preceding  section  that  200°  F.  is  the 
temi)eraturc  at  which  nitric  acid  begins  to  act  upon  sulphurous 
acid.  I  now  wish  to  show  the  temperature  of  the  lead  chamber 
in  which  the  jjrcceding  action  takes  place  on  a  large  scale,  and 
then  to  see  if  1  can  draw  some  conclusion  as  to  tiie  best  tempe- 
rature at  which  to  keep  the  suijjhuric  acid-chamber. 

In  order  to  obtain  a  good  idea  of  the  temperature,  I  took  daily 
ob^^e^vatioll8  at  different  points  in  the  chamber  during  a  year, 
and  have  condensed  t  lie  results  obtained  into  the  form  of  diagrams. 

Ordinary  maximum  and  minimum  thermometers  were  em- 
ployed ;  but  instead  of  being  lixed,  as  usual,  upon  a  wooden 
back,  '.\  glass  back  was  em|)loyed,  uj)on  whieh  the  degrees  were 
etched,  and  the  tiiermometers  fixed  thereto  by  thick  platmum 
wire,  thus  having  instruments  capable  of  resisting  all  acids. 


J 


Sulphuric  Acid-manufacture.  123 

These  thermometers  were  lowered  into  the  chamber  at  the 
different  points  by  long  "  threads  "  of  lead  and  allowed  to  re- 
main for  about  two  hours,  the  yield  of  vitriol  and  general  appear- 
ance of  the  chamber  being  carefully  noted  each  day.  The  results 
obtained  by  this  investigation  have  been  very  completely  borne 
out  by  those  already  shown  in  Section  III.,  which,  although  I 
considered  their  proper  place  in  the  paper  to  be  before  the  pre- 
sent section,  nevertheless  came  later  in  the  course  of  investigation. 

As  in  a  former  case,  I  divided  the  chamber  into  separate  parts, 
so  that  I  could  have  some  definite  plan  of  procedure.  In  this 
case  the  chamber  was  divided  along  its  length  at  four  heights, 
thus — 

1st,  at  the  height  of  24  feet  from  bottom  of  chamber, 
•^fld,         „         „       10         ,,         „         „         „ 

"'*")  i)  >>  "  }}  }>  s>  >> 

^''">  ))          ))  '-'          ))  })  >>          )> 

the  temperature  being  taken  every  10  feet  along  the  length  at 
these  heights. 

In  looking  at  Diagram  I.  the  first  thing  that  strikes  us  is  the 
very  sudden  fall  in  temperature  which  takes  place  in  passing  from 
10  feet  from  the  end  of  chamber  (at  the  entrance)  to  20  feet,  there 
being  a  fall  here  of  87°  F.  After  this  the  temperature  is  compa- 
ratively constant  till  it  reaches  110  feet  from  end,  when  it  again 
falls  continually  till  it  reaches  113°  F.,  at  which  temperature 
the  gas  passes  from  the  chamber.  This  is  that  portion  of  the 
chamber  which  I  have  previously  called  the  "  reservoir,"  and  in 
which  very  little,  if  any,  action  between  the  gases  takes  place ; 
and  it  is  worthy  of  notice  that,  with  the  exception  of  the  first  ten 
feet,  at  no  place  in  this  portion  does  the  temperature  rise  above 
130°  F.  And  if  w^e  turn  to  the  previous  section  of  this  paper, 
we  find  that  in  exp.  II.  the  nearest  approach  to  this  temperature 
is  122°'8  F. ;  and  here  we  have  the  remark,  "  ruddy  fumes  begin 
to  disappear."  Here,  then,  is  another  proof,  if  another  were 
required,  that  the  upper  part  of  the  lead  chamber  is  not  of  use 
as  a  condensing  "  space,"  but  merely  as  a  reservoir  for  containing 
the  gases,  and,  ifuecessary,  assisting  proper  mixture. 

In  this  diagram  we  may  see  also  the  points  in  the  chamber  at 
which  steam  is  thrown  in.  At  40  feet  and  at  70  and  110  feet 
respectively  we  have  decided  falls  of  temperature,  these  being 
very  nearly  the  places  of  the  steam-pipes.  The  high  tempera- 
ture at  the  beginning  may  be  accounted  for  by  the  fact  that 
shortly  below  this  the' pipe  by  which  the  gases  are  conducted  to 
the  chamber  is  inserted. 


10      20 


Length  of  chamber  iu  feet. 
=iO      40      oO      60      70      80      90     100     HO     120    130    1(0 


1(1     j(i     ;;n     lu     ..o     Co     70     m     !to     HM»    1 10    120    V.m   i 
Lenglli  of  chamber  in  feet. 


40 


H)     90     :!n      .10     .'>o     CO     70     mo     <to     loo     no    i->o    1:10    uo 
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Little  is  to  be  said  respecting  this  diagram  which  has  not  been 
said  on  the  former.  In  this  also  is  noticeable  the  great  fall  in 
temperature  which  has  taken  place  from  10  to  20  feet  from  end 
of  chamber;  in  this  case  the  fall  is  even  greater  than  before, 
changing  here  from  227°  F.  to  126°  F.,  a  difference  of  101°  F. 
This  is  accounted  for  by  the  fact  that  the  entrance-pipe  is  much 
neai'er  this  point  than  the  former,  being  in  fact  just  above  the 
spot  where  the  temperature  was  observed.  The  regularity  of  the 
heat  after  this  sudden  fall  is  also,  as  in  the  former  case,  very 
remarkable — the  variation  being  between  126°  and  133°  F.  till 
we  reach  120  feet  from  end  of  chamber,  when  the  temperature 
falls  to  110°  F.,  the  average  temperature,  however,  being  about 
126°  to  128°  F., — in  this  case  also  bearing  out  the  fact  (by  refer- 
ence to  exp.  II.,  previous  section)  that  the  upper  part  of  the 
chamber  is  unnecessary. 

Diagram  III. 
Heat  of  Chamber  8  feet  from  bottom. 

Length  of  chamber  in  feet. 
10      20     30      40      50      60      70      80      90     100    110    120     130    140 


K.      20      m      M»      r.(»      60       70      HO       90     100    no    120    130    UO 
Length  of  chanihnr  in  feet. 
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Diagram  IV. 

Heat  of  chamber  3  feet  from  bottom. 

Length  of  chamber  in  feet. 
10      20     30      40      50      GO      70      80      90      100    110    120    130    140 


4(»      iio      (iO      70      i>0      SIU      100    110    120    1:50    140 
Length  of  cliaiuber  in  feet. 
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In  Diagram  III.  we  find  a  higher  average  of  temperature,  vary- 
ing for  the  most  part  between  150°  and  166^  F. ;  whilst  at  en- 
trance and  exit  the  temperature  is  comparatively  low,  rising 
towards  the  centre  of  the  chamber.  Here,  now,  we  approach 
very  nearly  the  required  temperature,  200°  F.  being  the  observed 
degree  at  which  nitric  acid  acted  on  sulphurous  acid;  and  by 
reference  to  my  former  paper  we  find  that  this  portion  of  the 
chamber  is  really  the  "  working  "  portion.  It  is  necessary  also 
to  observe  along  with  this  diagram  the  next.  Diagram  IV.  In 
my  former  paper  I  showed  experimentally,  by  analyses  of  the 
gases  at  3  feet  from  bottom  of  chamber,  that  the  greatest  amount 
of  action  went  on  at  that  portion;  and  I  have  shown  also  (Sec- 
tion III.)  that  the  temperature  at  which  nitric  acid  began  to 
act  on  sulphurous  acid  was  200°  F.;  so  that  now  by  observing 
these  two  diagrams  we  see  how  closely  the  laboratory  and  the 
manufacturing  results  agree.  I  have  already  spoken  of  this  in 
Diagram  III. ;  but  it  is  much  more  distinctly  observed  in  Dia- 
gram IV.  Beginning  at  112°  F.,  the  temperature  rises  suddenly 
till  at  20  feet  from  entrance  it  attains  195°  F.,  whilst  the  tempe- 
rature is  fur  the  most  part  from  195°  to  199°  F.  After  90  feet 
from  entrance  of  chamber  it  falls  at  an  almost  regular  amount 
of  20  degrees  for  each  10  feet  of  chamber  length,  until  at  140 
feet  from  entrance  of  chamber  the  temperature  is  120°  F. 

Here,  then,  we  have  an  example  of  almost  perfectly  suitable 
temperature.  At  this  time  also  the  yield  of  vitriol  obtained 
from  this  chamber  was  as  nearly  the  theoretical  amount  as  could 
practically  be  obtained ;  and  it  was  found  that  whenever  the 
temperature  of  the  chamber  was  allowed  to  increase  or  diminish 
the  result  was  bad.  At  this  time  the  amount  of  nitric  acid  esca- 
ping was  almost  nil,  whilst  the  colour  of  the  liquid  coming  from 
the  Gay-Lussac  tower  showed  that  the  gas  escaping  was  really 
NO^  with  a  scarcely  appreciable  amount  of  nitric  acid.  (I  may 
say  here  that  whenever  the  colour  of  this  liquor  is  of  a  dark  red 
colour,  it  is  a  sign  of  the  escape  cither  of  nitric  acid  or  some  of 
th(!  higher  oxides  of  nitrogen.) 

The  conclusions  I  draw  from  these  and  the  preceding  investi- 
gations may  be  summed  up  thus : — 

1.  The  best  form  of  chamber  to  be  employed  is  one  which  is 
long  and  not  high,  the  analyses  pointing  to  one  of  somewhat 
the  following  dimensions — 150  feet  long,  25  or  30  feet  wide, 
and  about  10  or  12  feet  high.  We  have  thus  a  large  condensing 
surface,  tin;  mixed  gases  coming  readily  into  contact  with  all 
parts  of  the  chamber,  whilst  they  are  also  in  contact  with 
the  previously  condensed  acid  which  rests  on  the  sides  of  the 
chamber. 

2.  The  temperature  of  the  chamber  should  be  kept  as  nearly 
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as  possible  about  200°  F., — this  also  acting  as  a  regulator  for 
the  amount  of  steam  thrown  into  the  chamber. 

3.  That  in  "starting"  a  chamber,  sulphuric  acid  should  be 
run  en  the  bottom  in  ])refercnce  to  \Yater,  which  is  at  present 
generally  employed. 


XVII.  On  Fractional  Distillation.  Bij  J.  Alfred  Wanklyn, 
Corresponding  Member  of  the  Royal  Bavarian  Acadenvj  of 
Sciences*. 

TT  is  an  extraordinary  fact  that  there  is,  up  to  the  present 
time,  no  theory  of  fractional  distillation.  Chemists  are  per- 
fectly aware  that,  on  distilling  a  mixture  of  two  unequally  vola- 
tile liquids,  they  will  find  some  of  the  less  volatile  liquid  in 
an  early  portion  of  the  distillate,  and  some  of  the  more  volatile 
liquid  in  a  later  portion  of  the  distillate.  And,  on  the  other 
hand,  chemists  are  quite  as  well  aware  that,  notwithstanding  this 
clinging  together  of  different  liquids,  almost  perfect  separations 
are  attainable  when  fractional  distillation  is  laboriously  and 
systematically  practised.  Every  chemist^s  own  experience  sup- 
plies instances  of  the  kind ;  and  most  of  us  have  our  own  peculiar 
methods  of  performing  the  operation.  My  object,  on  tbe  pre- 
sent occasion,  is  to  lay  down  a  general  theory  of  this  process,  and 
to  explain  how  it  conies  to  pass  that  it  is  at  once  so  laborious 
and  yet  so  successful  when  duly  performed. 

In  order  to  gain  a  clear  idea  of  the  effect  of  admixture,  let  the 
hypothetical  case  of  two  liquids  of  precisely  the  same  volatility 
be  supposed.  In  such  a  case  each  fraction  of  the  distillate  will 
have  the  same  composition  as  every  other  fraction  and  as  the 
original  mixture.  If  tiie  two  liquids  constituting  the  mixture 
be  named  A  and  B  respectively,  and  if  the  relative  quantities  of 
them  existing  in  the  original  mixture  be  expressed  by  a  and  b, 
then  a  :  b  will  express  the  ratio  in  which  A  and  B  are  present  in 
the  original  liquid  and  in  every  fraction  of  the  distillate  from 
first  to  last.  If  we  picture  to  ourselves  the  course  of  events  on 
heating  such  a  mixture,  we  perceive  that,  on  applying  heat  to  it, 
the  quantity  of  heat  which  is  received  by  each  constituent  is 
exactly  proportional  to  the  quantity  of  each  constituent  present 
in  the  mixture.  If  a  and  b  be  the  relative  quantities  of  A  and 
B,  then  a  and  b  will  also  be  the  relative  quantities  of  lieat  re- 
ceived by  A  and  B  in  a  given  period  of  time.  In  the  case  under 
consideration  the  volatilities  of  A  and  B  are  sui)posed  to  be  equal ; 
therefore  a  and  b,  which  express  the  original  quantities  of  A  and 
B,  and  which  (as  just  shown)  express  the  relative  quantities  of 

*  Communicated  by  the  Author. 
P/iil.  May.  S.  4.  Vol.  45.  No.  208.  Feb.  1873.  K 
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heat  received  by  A  and  B,  must  also  express  the  relative  quanti- 
ties of  A  and  B  in  the  vapour  evolved  on  boiling,  and  conse- 
quently in  the  distillate. 

Now  let  us  pass  from  the  hypothetical  case  of  liquids  of  equal 
volatility  to  the  actual  cases  of  liquids  of  unequal  volati- 
lities. In  such  cases  the  composition  of  the  vapour  which 
escapes  when  the  mixture  is  boiled  will  be  diflPerent  from  the 
composition  of  the  original  mixture ;  and  putting  v  for  the  co- 
efficient of  volatility  of  A^  and  v'  for  the  coefficient  of  volatility 
of  Bj  we  have  av  and  bv'  for  the  relative  quantities  of  A  and  B 
which  escape  in  the  form  of  vapour  on  distilling  the  mixture.    If 

we  put  B  for  an  infinitelv  small  first  distillate,  we  have ^~, 

bv'S 

for  the  quantity  of  A  in  the  first  unit  of  distillate,  and j— 

^  J  '  av  +  bv 

for  the  quantity  of  B  in  the  first  unit  of  distillate.     Collecting 

the  formulae,  we  have  : — 

a  +  b  =  relative  quantities  of  A  and  B  in  the  original  mixture. 

av  +  bv'  =  relative  quantities  of  A  and  B  in  the  first  unit  of 
distillate. 

• rn  =  quantity  of  A  in  first  unit  of  distillate. 

av  +  bv'       ^  ^ 

7    '^ 

T~,  =  quantity  of  B  in  first  unit  of  distillate. 

av  +  bv'      ^  '' 

After  the  escape"  of  the  first  unit  of  distillate  (  =  S)  the  com- 
position of  the  liquid  left  behind  in  the  retort  will  have  altered, 
and  the  relative  quantities  of  A  and  B  will  now  be  represented 
not  by  a  and  b,  but  by  the  formula3 


and 


/ avB    \ 

V      av  +  bv>/ 

("-  ~'^)- 

\        av-\-bv'/ 


In  order  to  find  the  values  of  A  and  B  in  the  second  unit  of 
distillate,  these  formula  must  be  substituted  for  a  and  b.  It 
wdl  be  obvious  that  as  the  distillation  jjrogrcsses,  the  composi- 
tion of  the  successive  units  of  distilhite  must  progressively  alter. 
If  2;  be  greater  than  ?;',  then  the  quantity  of  A  in  the  units  of 
distillate  must  progressively  diminish  ;  if?'  be  less  than  v',  the 
quantity  of  A  in  the  units  of  distillate  must  j)rogressively  increase. 
Obviously,  too,  the  greater  the  dillVrencc  between  v  and  vf,  the 
more  rapid  the  alteration  in  the  composition  of  successive  units 
of  distillate. 
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Such,  I  believe,  is  the  real  march  of  the  process  of  fractional 
distillation  ;  and  these  fonnulre  offer  an  explanation  why  by  fre- 
quent repetitions  and  judicious  management  the  chemist  is  able 
to  effect  almost  perfect  separations  by  means  of  fractional  distil- 
lation. The  coefficient  of  volatility,  however,  is  something 
more  than  the  tension  of  the  vapour  at  the  boiling-point  of  the 
mixture.  Ten  years  ago  1  showed  that  the  density  of  the  vapour 
had  to  be  taken  into  account  (and  Berthelot  has  also  indepen- 
dently, but,  I  believe,  subsequently,  insisted  on  the  necessity  of 
regarding  vapour-density  in  judging  of  relative  volatiUty).  The 
coefficient  of  volatility  comprises  at  least  the  tension  of  the  vapour 
and  the  density  of  the  vapour. 

The  heat  rendered  latent  during  evaporation  must  also  be  re- 
presented in  this  coefficient.  Possibly,  too,  adhesion  between 
the  liquids  will  require  representation  in  certain  classes  of  in- 
stances ;  and  this  will  cause  difficulty  and  complication.  I  am 
of  opinion,  however,  that  in  the  vast  majority  of  cases  the  con- 
joined influences  of  tension,  density,  and  latent  heat  will  ade- 
quately express  the  coefficient  of  volatility.  If  t  be  put  for  the 
tension  and  d  for  the  vapour-density,  then  I  propose  v  =  td'^ 
for  the  value  of  the  coefficient  of  volatility.  This  will  be  more 
fully  explained  on  a  future  occasion.  At  present  my  main  object 
is  to  insist  on  the  fact  that,  when  distilling  in  mixture,  different 
liquids  have  different  coefficients  of  volatility,  and  that  the  com- 
position of  successive  portions  of  distillate  is  governed  by  these 
coefficients  and  by  the  original  proportions  of  the  liquids  present 
in  the  mixture,  in  the  manner  set  forth. 

I  have  made  some  experiments  on  mixtures  of  A  and  B 
wherein  the  quantity  of  A  is  overwhelmingly  greater  than  that 
of  B.  This  disposition  of  the  quantities  offers  certain  advantages 
for  investigating  the  general  march  of  fractional  distillation. 

When  a  is  immense  compared  v.ith  b,   j  is undistinguish- 

able  from  -.     And  putting  v  =  l,  when  a  is  immense  compared 

bu'  bv' 

with  b  we  get  — — ,-,  undistinguishablc  from  -  .    I  have  made 
°      av  +  bv'  °  a 

four  experiments,  wherein 

a       +       b 
Exp.  I.  .  .  1000000  +  1000 
Exp.  II.  .  .  100000.0+   1-00 
Exp. III.  .  .  1000000+   OuO 
Exp.  IV.  .  .  1000000+   0-20 

In  these  cases  the  quantity  of  b  in  a  unit  of  t'lc  original  mix- 

K2 
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ture  is  — rundistin^uishablefrom-:  viz. 
a  +  b  °  a' 

1000  1000 


Exp.  I.     .     .     YnrviTwTn  ^^' 


1001000        1000000 
1  1 


Exp.     ir.      .  .  -^QQQQQ^      or      JQQQQQQ 

lixp.  lli.      .     JQQQQQQ.5  or  1000000 

0-20  0-20 

Exp.  IV.        .     T7;7,7T,^7T7^  or 


1000000-2        1000000 

III  like  manner  iu  these  instances  the  quantity  of  B  in  a  unit 

bv'  bv' 

of  distillate  is  expressed  indifterently  either  by ^,  or  by  — . 

^  -^  •'  av  i-bv'         "^    a 

Now,  if  it  were  possible  to  distil  off  and  work  with  an  infinitesi- 

bv' 
mally  small  quantity  of  distillate,  we  should  get  —  for  the  value 

of  B  in  a  unit  of  distillate  ;  whence  the  relation  of  the  value  of 
B  in  a  unit  of  original  liquid  to  the  value  of  B  in  a  unit  of  dis- 
tillate is  very  simple,  viz.  ~:-v'.     Although  we   cannot   distil 
•'         ^  a    a 

off  and  work  with  an  infinitely  small  fraction  of  distillate,  yet 
we  can,  in  a  series  of  experiments,  distil  off  and  work  with  equal 
fractions  (which  will  be  equal  numbers  of  the  infinitesimal  frac- 
tions). In  each  of  the  four  experiments  I  took  a  kilogranmie 
of  A  and  B,  and  I  distilled  off  50  grammes  (or  one  twentieth  of 
the  whole).  The  results  were  as  follows  :  — 
A  =  water.     B  =  ammonia. 

r\       ^-^      e             ■  Quantity  of  ammonia 

Quantity  oi  ammonia  *  •      i  •    ti     ix    *. 

*,.-,.       ,.         ^  contained  in  the  nrst 

contained  in  a  litre  of  ^^^  ^^^,,;^   ^^^^^-^^^^  ^^ 

original  hqnid.  distillate. 

Exp. 
Exp. 

Exp. 
Exp. 

Now  on  inspection  it  will  be  manifest  that,  within  the  limit  of 
cxpcrimenlal  error,  the  stroigth  of  the  distillate  is  proportional 
to  the  strength  of  tlic  original  li<|Mid.  In  each  of  tiicse  four  ex- 
periments 1  litre  of  licjuid  was  taken  and  50  cubic  centims.  dis- 
tilled off;  tliat  is  to  say,  one  twentieth  of  the  whole  was  distilled. 
If  ins'.ead  of  50  cubic  centims.  I  distil  off  100  cubic  centims.,  I 
also  fiud  that  the  strength  of  the  distillate  is  proportional  to  the 


millifjrms. 

millii^rnis. 

I.    . 

.     1000 

480 

II.   . 

100 

0-50 

III.   . 

0-50 

0-235 

IV.     . 

0-20 

0-095 
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strength  of  the  original  liquid ;  and  it  is  a  fact  that  in  the  case 
of  dilute  solutions  of  ammonia,  if  the  same  fraction  be  distilled 
off,  the  strength  of  that  fraction  is  proportional  to  the  strcngtli 
of  the  original  liquid.  1  cannot  but  regard  this  as  a  result  of 
extreme  importance,  and,  bearing  in  mind  the  immense  range 
over  which  it  holds  good,  consider  that  it  affords  proof  that  the 
general  march  of  fi-actional  distillation  is  as  has  been  represented. 

Putting  r  =  ],  let  us  endeavour  to  make  out  the  value  of  u' 
from  the  four  experiments.  Inasmuch  as  the  quantity  of  dis- 
tillate was  50  cubic  centims.,  and  the  quantity  of  original  liquid 
was  1  litre,  we  must  multiply  the  ammonia  in  the  distillate  by 
20  in  order  that  it  may  be  comparable  with  that  in  the  original 
liquid.  Having  done  this,  we  see  that  the  distillate  is  9*6  times 
as  strong  as  the  original  liquid.  If  the  50  cubic  centims.  were 
an  infinitesimal  fraction  of  distillate,  then  v'  would  equal  9'C; 
but  the  50  cubic  centims.  is  so  large  a  fraction,  that  during  the 
evolution  of  it  the  liquid  has  gone  down  in  strength  from  1000 
milligrammes  of  ammonia  per  litre  to  about  547  milligrammes 
per  litre.  During  the  distillation  of  this  50  cubic  centims.  the 
strength  of  the  successive  portions  of  distillate  must  have  varied 
so  that  the  ratio  of  the  strength  of  the  first  infinitesimal  to  the 
strength  of  the  last  infinitesimal  shall  be  1000  :  520.  The  real 
value  oi  v'  is  therefore  between  13  and  14-. 

It  is  my  intention  to  make  determinations  of  the  "  coefficients 
of  volatiUty  "  of  different  liquids. 
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June  13,  1872.— Sir  John  Lubbock,  Bart.,  Vice-President,  in  the 

Chair. 
'T'HE  following  commuuicatiou  was  read  : — 

"  On  the  Spectrum  of  the  Great  Nebula  iu  Orion,  and  on  the 
Motions  of  some  Stars  towards  or  from  the  Earth."  By  William 
Huggins,  LL.D.,  D.C.L.,  F.R.S. 

In  my  early  observations  of  the  spectrum  presented  by  the 
gaseous  nebula;,  the  spectroscope  with  which  I  determined  the  coin- 
cidence of  two  of  the  bright  lines  respectively  witli  a  line  of  uitro!>eu 
and  a  line  of  hydrogen  was  of  insufficient  dispersive  power  to  show 
whether  the  briglitest  nebular  line  was  double,  as  is  the  case  with 
the  corresponding  line  of  nitrogen. 

Subsequently  I  took  some  pains  to  determine  this  important  point 
by  using  a  spectroscope  of  greater  dispersive  power.  1  found,  liow- 
ever,  that  the  light  furnished  by  the  telescope  of  eight  inclies  ai)er- 
ture,  to  which  the  spectroscope 'was  attached,  was  too  feeble,  even  ia 
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the  case  of  the  brightest  nebulae,  to  give  the  hue  with  sufficient  di- 
stinctness when  a  narrow  sUt  was  used.  The  results  of  this  later 
examination  are  given  in  a  paper  I  had  the  honour  of  presenting  to 
the  Royal  Society  in  1868.  I  there  say*-:— "I  expected  that  I 
might  discover  a  duplicity  in  the  line  in  the  nebula  corresponding  to 
the  two  component  lines  of  the  line  of  nitrogen  ;  but  I  was  not  able, 
after  long  and  careful  scrutiny,  to  see  the  line  double.  The  line  in  the 
nebula  was  narrower  than  the  double  line  of  nitrogen  ;  this  latter  line 
ma}'  have  appeared  broader  in  consequence  of  irradiation,  as  it  was 
much  brighter  than  the  line  in  the  nebula."  When  the  spark  was 
placed  before  the  object-glass  of  the  telescope,  the  light  was  so  much 
weakened  that  one  line  only  Avas  visible  in  the  spectroscope.  "  This 
line  was  the  one  which  agrees  in  position  with  the  line  in  the  nebula, 
so  that  under  these  circumstances  the  spectrum  of  nitrogen  appeared 
precisely  similar  to  the  spectra  of  those  nebulae  of  vdiich  the  light  is 
apparently  m.onochromatic.  This  resemblance  was  made  more  com- 
plete by  the  faintness  of  the  line  ;  from  which  cause  it  appeared 
narrower,  and  the  separate  existence  of  its  two  components  could 
no  longer  be  detected.  When  the  line  was  observed  simultaneously 
with  that  in  the  nebula,  it  was  found  to  appear  but  a  very  little 
broader  than  that  line."  I  also  remark  : — "  The  double  line  in  the 
nitrogen-spectrum  does  not  consist  of  sharply  defined  lines,  but  each 
component  is  nebulous,  and  remains  of  a  greater  width  than  the  image 
of  the  slit.  The  breadth  of  these  lines  appears  to  be  connected  with 
the  conditions  of  tension  and  temperature  of  the  gas.  Pliickerf 
states  that  when  an  induction-spark  of  great  heating-power  is  cm- 
ployed,  the  lines  expand  so  as  to  unite  and  form  an  undivided  band. 
Even  when  the  duplicity  exists,  the  eye  ceases  to  liave  the  power  to 
distinguish  the  component  lines,  if  the  intensity  of  the  light  be  greatly 
diminished."  I  state  further  : — "  I  incline  to  the  belief  that  it  [the 
line  in  the  nebula]  is  not  double." 

One  of  the  first  investigations  which  I  ])roposcd  to  myself  when, 
by  the  kindness  of  the  Royal  Society,  I  had  at  my  command  a  much 
more  powerful  telescope,  was  the  determination  of  the  true  character 
of  the  bright  line  in  the  spectra  of  the  nebuloc  which  is  apparently 
coincident  with  that  of  nitrogen.  From  various  circumstances,  chiefly 
connected  with  the  alterations  and  adjustments  of  new  instruments, 
I  was  not  able  to  accomplish  this  task  satisfactorily  until  within  the 
last  few  months. 

Description  0/  Jj)j)aralns. 

It  seems  to  me  desirable  to  give  a  description  of  the  spectro- 
scopic apparatus  with  which  tiic  observations  in  this  jiajier  were 
made.  In  the  former  jjaper,  to  which  1  have  already  referred,  I  gave 
some  reasonst  to  show  tliat  the  ordinary  method  of  comparison,  by 
reflecting  light  into  the  spectroscope  by  means  of  a  small  prism  phiced 
before  one  half  of  tlic  slit,  is  not  satisfactory  for  very  delicate  ob- 
Bervations  unless  certain  precautious  are  taken.  I  then  describe  an 
*  Phil.  Trnns.  18GS,  pp.  542,  513.  t  Il-W-  ^^^5,  p.  13. 

\  ii.id,  1808,  pp.  r.:;7,  MS. 
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arrangement  for  this  purpose,  which,  with  one  or  two  modification*, 
is  adopted  in  the  collimator  constructed  for  use  with  the  Royal  So- 
ciety's telescope.     I  give  the  description  from  that  paper*  : — 

"  The  following  arrangement  for  admitting  the  light  from  the 
spark  appeared  to  me  to  be  free  from  the  objections  which  have  been 
referred  to,  and  to  be  in  all  respects  adapted  to  meet  the  requirt- 
mentsof  the  case.  In  place  of  the  small  prism,  two  pieces  of  silvered 
glass  were  securely  fixed  before  the  slit  at  an  angle  of  Ab°.  In  a  di- 
rection at  right  angles  to  that  of  the  slit,  an  opening  of  about  j^inch 
was  left  between  the  pieces  of  glass  for  the  passage  of  the  pencils 
from  the  object-glass.  By  means  of  this  arrangement  the  spectrum 
of  a  star  is  seen  accompanied  by  two  spectra  of  comparison,  one  ap- 
pearing above  and  the  other  below  it.  As  the  reflecting  surfaces  are 
about  0-.5  inch  from  the  slit,  and  the  rays  from  the  spark  are  diver- 
gent, the  light  reflected  from  the  pieces  of  glass  will  have  encroached 
upon  the  pencils  from  the  object-glass  by  the  time  they  reach  the  slit, 
and  the  upper  and  lower  spectra  of  comparison  will  appear  to  overlap 
to  a  small  extent  the  spectrum  formed  by  the  light  from  the  object- 
glass.  This  condition  of  things  is  of  great  assistance  to  the  eye 
in  forming  a  judgment  as  to  the  absolute  coincidence  or  otherwise 
of  lines.  For  the  purpose  of  avoiding  some  inconveniences  which 
would  arise  from  glass  of  the  ordinary  thickness,  pieces  of  the  thin 
glass  used  for  the  covers  of  microscopic  objects  were  carefully  selected ; 
and  these  were  silvered  by  floating  them  upon  the  surface  of  a  silver- 
ing solution.  In  order  to  ensure  that  the  induction-spark  should 
always  preserve  the  same  position  relatively  to  the  mirror,  a  piece  of 
sheet  gutta  percha  was  fixed  above  the  silvered  glass  ;  in  the  plate  of 
gutta  percha,  at  the  proper  place,  a  small  hole  was  made  of  about 
yL.  inch  diameter.  The  ebonite  clamp  containing  the  electrodes  is  so 
fixed  as  to  pei'mit  the  point  of  separation  of  these  to  be  adjusted 
exactly  over  the  small  hole  in  the  gutta  percha.  The  adjustment  of 
the  parts  of  the  apparatus  was  made  by  closing  the  end  of  the  adapt- 
ing-tube,  by  which  the  apparatus  is  attached  to  the  telescope,  with  a 
diaphragm  with  a  small  central  hole,  before  which  a  spirit-lamp  was 
placed.  When  the  lines  from  the  induction-spark,  in  the  two  spectra 
of  comparison,  were  seen  to  overlap  exactly,  for  a  short  distance,  the 
lines  of  sodium  from  the  light  of  the  lamp,  the  adjustment  was  con- 
sidered perfect.  The  accuracy  of  adjustment  has  been  confirmed  by 
the  exact  coincidence  of  the  three  lines  of  magnesium  with  the  com- 
ponent lines  of  b  in  the  spectrum  of  the  moon." 

The  modifications  of  this  plan  consist  in  the  substitution  of  a  thin 
silver  plate  polished  on  both  surfaces  for  the  pieces  of  silvered  glass. 
The  opposite  side  of  the  silver  plate  to  that  from  which  the  terres- 
trial light  is  reflected  to  the  slit  reflects  the  images  formed  by  the 
object-glass  to  the  side  of  the  tube  where  a  suitable  eyepiece  is  fixed. 
This  arrangement  forms  a  very  convenient  finder  ;  for  it  is  easy  to 
cause  the  image  of  the  star  to  liisappear  in  the  hole  in  the  silver  plate. 
When  this  is  the  case,  the  line  of  light  formed  by  the  star  falls  on 
the  slit,  and  its  spectrum  is  visible  in  the  spectroscope.  This  colli- 
*  Phil.  Trans.  18G8,  p.  538, 
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mator  is  so  constructed  that,  by  means  of  a  coupling-screw,  any  one  of 
three  spectroscopes  can  be  conveniently  attached  to  it. 

This  apparatus  performs  admirably  ;  but  it  seemed  to  me  desirable, 
for  observations  of  great  delicacy,  to  be  able  to  dispense  with  reflec- 
tion, and  to  place  the  source  of  the  light  for  comparison  directly  before 
the  slit.  Formerly  I  accomplished  this  object  by  placing  the  spark 
or  vacuum-tube  before  the  object-glass  of  the  telescope.  The  great 
length  of  the  present  telescope  renders  this  method  inconvenient ; 
but  a  more  important  objection  arises  from  the  great  diminution 
of  the  light  when  the  spark  is  removed  to  a  distance  of  1 5  feet  from 
the  slit.  I  therefore  resolved  to  place  the  spark  or  vacuum-tube 
within  the  telescope  at  a  moderate  distance  from  the  slit.  For 
this  purpose  holes  were  drilled  in  the  tube  opposite  to  each  other, 
at  a  distance  of  2  feet  6  inches  within  the  jn-incipal  focus.  Before 
these  holes  short  tubes  were  fixed  with  screws  ;  in  these  tubes  slide 
suitable  holders  for  carrying  electrodes  or  vacuum-tubes.  The  spark 
is  thus  brought  at  once  nearly  into  the  axis  of  the  telescope.  The 
final  adiustment  is  made  in  the  following  manner  : — A  bright  star  is 
brought  into  the  centre  of  the  field  of  an  ordinary  eyepiece  ;  the 
eyepiece  is  then  pushed  within  the  focus,  when  the  wires  or  vacuum- 
tube  can  be  seen  across  the  circle  of  light  formed  by  the  star  out  of 
focus.  The  place  of  discharge  between  the  electrodes,  or  the  middle 
of  the  capillary  part  of  the  vacuum  tube,  is  then  brought  into  the 
centre  of  the  circle  of  light.  The  vacuum-tubes  are  covered  with 
black  paper,  with  the  exception  of  a  space  about  a  \  inch  long  ia  the 
middle  of  the  capillary  part ;  through  this  small  uncovered  space  the 
light  passes  to  reach  the  slit. 

The  accuracy  of  both  methods  of  comparison,  that  by  reflection 
and  that  by  the  spark  within  the  tube,  was  tested  by  the  compa- 
rison of  the  three  bright  lines  of  magnesium  and  the  double  line  of 
sodium  with  tlie  Fraunhofer  lines  b  and  D  in  the  spectrum  of  the 
moon.  I  greatly  prefer  the  latter  method,  because  it  is  free  from 
several  delicate  adjustments  which  are  necessary  when  the  light  is 
reflected  and  which  arc  liable  to  be  accidentally  displaced. 

Spectroscojjc  A  is  furnished  with  a  single  prism  of  dense  glass 
with  a  refracting  angle  of  h9°  42',  giving  5    (J'  from  A  to  II. 

Spectroscope  IJ  has  two  compound  prisms  of  Mr.  Grubb's  con- 
struction, which  move  automatically  to  positions  of  minimum  devi- 
ation for  the  diff'erent  parts  of  the  fjiectrum.  Each  prism  gives 
about  9°  C  for  minimum  deviation  from  A  to  II. 

Spectroscope  C  is  furnished  with  four  similar  prisms. 

The  small  telescopes  of  tlic  three  spectroscopes  are  of  the  same 
size:  diameter  of  object-glass  1]  inch  ;  each  is  furnished  with  three 
eyepieces  magnifying  .O'T),  [)'Z,  and  IG'O  diameters. 

Spectrum  of  the  Nebula  of  Orion. 
With  spectroscopes  A  and  B  four*  lines  arc  seen  ;  they  are  repre- 
sented in  the  diagram  which  accompanies  this  note.     The  scale  in 
the  diagram  gives  wave-lengths. 
*  The  fourtli  lino  wo8  fivst  seen  in  nobula  18 II.  IV.  (Diil.  Trnnu.  18G4,  p.  AW ). 
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First  line. — With  spectroscope  B  and  eyepiece  1  and  2,  the  slit 
oeing  made  verv  narrow,  this  hnc  was  seen  to  be  very  narrow,  of  a 
width  correspoiidinu;  to  the  slit,  and  defined  at  both  edges,  and 
undoubtedly  not  double.  The  line  of  nitrogen  when  compared  with 
it  appeared"  double,  and  each  component  nebulous  and  broader  than 
the  line  of  the  nebula.  This  latter  line  was  seen  on  several  nights 
to  be  apparently  coincident  with  the  middle  of  the  less  refrangible 
line  of  the  double  line  of  nitrogen.  This  observation  was  on  one 
night  confirmed  by  observation  with  the  more  powerful  spectroscope  C. 

The  question  suggests  itself  whether,  under  any  conditions  of  pres- 
sure and  temperature,  the  double  line  of  the  nitrogen-spectrum  be- 
comes single ;  and  further,  if  this  should  be  found  to  be  the  case, 
whether  the  line  becomes  single  by  the  fading  out  of  its  more  re- 
frangible component,  or  in  Avhat  other  way  the  single  line  of  the 
nebula  comes  to  occupy  in  the  spectrum,  not  the  position  of  the 
middle  of  the  double  line  of  nitrogen,  but  that  of  the  less  refrangible 
of  the  lines. 

I  stated  in  my  former  paper  that  when  for  any  reason  the  light  from 
the  luminous  nitrogen  is  greatly  reduced  in  intensity,  the  double  line 
under  consideration  is  the  last  to  disappear,  and  consequently  a 
state  of  things  may  be  found  in  which  the  hght  of  nitrogen  is  sen- 
sibly monochromatic  when  examined  with  a  narrow  slit~.  Under 
these  circumstances  the  line  of  nitrogen  appears  narrower,  and  the 
separate  components  can  be  detected  with  difficulty,  if  at  all. 

I  stated  also  that  the  breadth  of  the  component  lines  appears  to 
he  connected  with  the  conditions  of  density  and  temperature  of  the 
gas.  As  was  to  be  expected  from  theoretical  considerations,  the 
lines  become  narrower  and  less  nebulous  as  the  pressure  is  diminished. 
My  observations  of  this  change  seemed  to  show  that  the  diminution 
of  the  breadth  of  the  lines  takes  place  chiefly  at  the  outer  sides  of 
the  lines  ;  so  that  in  the  light  from  very  rarefied  gas  the  double  line 
is  narrower,  but  the  sj)ace  of  separation  between  the  components  is 
not  as  much  wider  as  would  be  the  case  if  the  lines  had  decreased 
equally  in  width  on  the  sides  towards  each  other. 

When  the  jnessure  of  the  gas  is  reduced  to  about  1.5  inches  of 
mercury,  the  line-spectrum  fades  out  to  give  place  to  Pliieker's  spec- 
trum of  the  first  order.  During  this  process  a  state  of  things  occurs 
when,  for  reasons  already  stated,  the  spectrum  becomes  sensibly  mo- 
nochromatic when  viewed  with  a  narrow  slit  and  a  spectroscope  of 
several  prisms.  The  line  is  narrower  but  remains  double,  and  has 
the  characters  described  in  the  preceding  paragraph. 

As  the  pressure  is  diminished,  the  double  line  fades  out  entirely, 
and  the  sjiectrum  of  the  second  order  gives  place  to  the  sj)ectrum  of 
the  first  order.  "When,  however,  the  pressure  becomes  exceedingly 
small,  from  O'l  inch  to  O'O.J  inch,  or  less,  of  mercury,  there  is  a 
condition  of  the  discharge  in  which   the  line  again  appears,  while 

*  Phil.  Trans,  l.^^fi'^,  pp.  .'')40-r)4G.  Observations  on  this  point  wore  sulise- 
qiiontly  made  bv  Frankland  and  Lockvcr  (i'roc.  Roy.  Soc.  vol.  xvii.  j).  4ay). 
It  should  be  stated  that  the  authors  make  no  rel'crence  to  this  observation, 
though  they  refer  (o  a  piu'cly  bypotbetieal  suggestion  coulainctl  in  the  .same  paper. 
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the  other  lines  remain  very  faint.  Under  these  conditions  I  have 
always  been  able,  thongh  with  some  difficiiltj^  on  account  of  the 
faint  light  when  the  necessary  dispersive  power  (spectroscope  B  with 
second  or  third  eyepiece)  and  a  narrow  slit  are  used,  to  see  the 
line  to  be  double  ;  but  it  is  narrower  than  when  the  gas  is  more  dense, 
and  may  be  easily  mistaken  for  a  single  line.  I  have  not  yet  been 
able  to  find  a  condition  of  luminous  nitrogen  in  which  the  line  has 
the  same  characters  as  those  presented  by  the  line  in  the  nebula, 
where  it  is  single  and  of  the  width  of  the  slit. 

Upon  the  whole  I  am  still  inclined  to  regard  the  line  in  the  nebula 
as  probably  due  to  nitrogen. 

If  this  should  be  found  to  be  the  case,  and  that  the  nebular  line 
has  originally  the  refrangibility  of  the  middle  of  the  double  line  of 
nitrogen,  then  we  should  have  evidence  that  the  nebula  is  moving 
from  the  earth.  The  amount  of  displacement  of  the  nebular  line 
from  the  middle  of  the  double  line  of  nitrogen  corresponds  to  a  velo- 
city of  55  miles  per  second  from  the  earth.  At  the  time  of  observa- 
tion the  part  of  the  earth's  orbital  motion,  which  was  from  the 
nebula,  was  14'9  miles  per  second.  From  the  remaining  40  miles 
per  second  would  have  to  be  deducted  the  probable  motion  from  the 
nebula  due  to  the  motion  of  the  solar  system  in  space.  Tliis  esti- 
mation of  the  possible  motion  of  the  nebula  can  be  regarded  as  only 
ap]n'oximate. 

If  the  want  of  accordance  of  the  line  in  the  nebula  with  the  middle 
of  the  double  line  of  nitrogen  be  due  to  a  recession  of  the  nebula  in 
the  line  of  sight,  th.ere  should  be  a  corresponding  displacement  of 
the  third  line  as  compared  with  that  of  hydrogen.  For  reasons 
which  will  be  found  in  a  subsequent  paragraj)h,  I  "have  not  been  able 
to  make  this  comparison  with  the  necessary  accuracy. 

In  my  former  paper*  I  gave  reasons  against  supposing  so  large  a 
motion  in  the  nebula  ;  these  were  based  on  the  circumstance  that 
the  nebular  line  falls  upon  the  double  nitrogen  line,  which  the  jire- 
scnt  observations  confirm.  I  was  not  then  able  to  use  a  slit  sufficiently 
narrow  to  show  that  the  nebular  line  is  single  and  not  coincident 
■with  the  middle  of  the  doul)lc  line  of  nitrogen. 

I  am  still  pursuing  the  invcitigation  of  the  parts  of  this  inquiry 
which  remain  unsettled. 

Second  line. — This  line  was  found  by  my  former  comparisons 
to  be  a  little  less  refrangible  than  a  strong  line  in  the  spectrum  of 
barium.  Three  sets  of  measures  give  for  this  line  a  wave-length 
of  1957  on  Angstrom's  scale  ;  this  would  show  that  the  line  agrees 
nearly  in  position  witli  a  strong  line  of  iron.  At  present  1  am  not 
able  to  suggest  to  what  substance  this  line  belongs. 

This  hue  is  also  narrow  and  defined.  I  suspect  that  the  brightness 
of  this  line  relatively  to  the  first  line  varies  in  dilVerent  nebnhc. 

Third  and  fourth  line. — My  former  observations  show  that  these 
lines  agree  in  ])osition  with  two  lines  of  the  spectrum  of  hydrogen, 
that  at  F  and  the  line  near  G. 

*  PhU.  Trans.  1808,  pp.  642,  543. 


Spectrum  of  the  Great  Nebula  in  Orion. 

These  lines  are  very  narrow  and  are  defined  ; 
the  hydrogen  tlierefbre  must  be  at  a  low  ten- 
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The  brightness  of  these  lines  relatively  to  the 
first  and  second  lines  varies  considerably  in  dif- 
ferent nebulae ;  and  I  suspect  they  may  also  vary 
in  the  same  nebulre  at  different  times,  and  even 
in  different  parts  of  same  nebula ;  but  at  present  ^1 
I  have  not  sufficient  evidence  on  these  points*.  ' 
I  regret  that,  in  consequence  of  a  continuance 
of  bad  weather,  I  have  not  yet  been  able  to 
obtain  decisive  observations  as  to  the  possible 
motion  of  the  nebida  in  the  line  of  sight.  AVith 
spectroscope  B  and  eyepiece  2,  the  lines  appear  to 
be  coincident  with  those  of  hydrogen.  In  con- 
sequence of  the  uncertainty  of  the  character  of 
the  first  line,  which  is  single,  while  that  of  ni- 
trogen is  double,  this  determination  can  now 
only  be  made  by  means  of  the  comparison  of 
the  third  Une  with  that  of  hydrogen.  This 
third  line  becomes  very  faint  from  the  great 
loss  of  light  unavoidable  in  a  spectroscope  that 
gives  a  sufficient  dispersive  power,  and  the  com- 
parison can  only  be  attempted  when  the  sky  is 
very  clear  and  the  nebula  near  the  meridian. 


.% 


*  Since  wi-iting  tins  sentence,  I  hare  seen  a  note  by 
Prof.  D'Arrcst  in  the  '  Astrononiische  Nachricliten,' 
No.  1885.  Speaking  of  the  nebula  H.  IV.  37,  lie  says  : 
— "  Sein  Spectrum  ist  ausser  von  Iluggins  bisher  nur 
noch  von  Dr.  II.  Vogel  untcrsucht  wordcn.  In  No.  1864, 
Ast.  Nadir,  thcilt  letztercr  mit,  dass  cr  im  Jalire  1871, 
im  Widt-r.^pvueh  mit  Iluggins'  Angabe,  die  Linie  Neb. 
(3)  =  (2),  bisweilen  sogar  (2)<(o)  gefundcn  babe. 
Nach  Huggins  war  dagogen  im  Jahi-e  1804  positiv 
(2)>.(3).  IstVogel's  Beobachtung,  wie  icb  nicbt  be- 
zweifle,  zuverlii.ssig,  so  wird  seine  Vermutbung  einer 
Yeriinderung  bier  in  dor  Tbat  begriindct  .sein,  denn 
diescn  Winter,  namentlicli  im  Februar  und  Miirz 
1872,  fand  icb  'wiederum,  so  wie  cs  Iluggins  I'riilicr  ge- 
scbcn  bat,  unzwcifelbaft  (2)>(.'3).  Die  relative  Inten-j, 
sitiit  der  drci  Licbtart^n  babe  icb  mcbrfacb  in  Zableu.^  i 
geschiltzt  und  crhielt  z.  B.  in  den  Ictzten  Niicbtcn  : 

mm  C).  Miirz  13. 

(1) 100  100 

(2)  58  G3 

(3)  49  62" 


-^ 
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§  2.   On  the  Motions  of  some  Stars  towards  or  from  the  Earth. 

In  the  early  part  of  1S68  I  had  the  honour  of  presenthig  to  the 
Eoyal  Society  some  observations  on  a  small  change  of  refrangibility 
which  I  had  observed  in  a  line  in  the  spectrum  of  Sirlus  as  com- 
pared with  a  line  of  hydrogen,  from  which  it  appeared  that  the  star 
was  moving  from  the  earth  with  a  velocity  of  about  twenty-five  miles 
per  second,  if  the  probable  advance  of  the  sun  in  space  be  taken 
into  account  *. 

It  is  only  within  the  last  few  months  that  I  have  found  myself  in 
possession  of  the  necessar}"  instrumental  means  to  resume  this 
inquiry,  and  since  this  time  the  prevalence  of  bad  weather  has  left 
but  few  nights  sufficiently  fine  for  these  delicate  observations. 

Some  time  was  occupied  in  obtaining  a  perfectly  trustworthy  method 
of  comparison  of  the  spectra  of  stars  with  those  of  terrestrial  sub- 
stances, and  it  was  not  until  I  had  arranged  the  spark  witbiii  the  tube, 
as  described  at  the  beginning  of  this  note,  that  I  felt  confidence 
in  the  results  of  my  observations. 

It  may  be  well  to  state  some  circumstances  connected  with  these 
comparisons  which  necessarily  make  the  numerical  estimations  given 
further  on  less  accurate  than  I  could  wish.  Even  when  spectroscope 
C,  containing  four  compound  prisms,  and  a  magnify ing-power  of  16 
diameters  are  used,  the  amount  of  the  change  of  refrangibility  to  be 
observed  appears  very  small.  The  probable  error  of  these  estimations 
is  therefore  large,  as  a  shift  corresponding  to  five  miles  per  second 
(about  Jj  of  the  distance  of  D'  to  D"),  or  even  a  somewhat  greater 
velocity,  could  not  be  certainly  observed.  The  difficulty  arising  from 
the  ap])arcnt  smallness  of  the  change  of  refrangibility  is  greatly  in- 
creased by  some  other  circumstances.  The  star's  light  is  faint  when 
a  narrow  slit  is  used  ;  and  the  lines,  except  on  very  fine  nights,  cannot 
be  steadily  seen,  in  consequence  of  the  movements  in  our  atmosphere. 
Further,  when  the  slit  is  narrow,  the  clock's  motion  is  not  uniform 
enough  to  keep  the  s])ectrum  steadily  in  view  ;  for  these  reasons  I 
found  it  necessary  to  adojjt  the  method  of  estimation  by  comparing 
the  shift  with  a  wire  of  known  thickness,  or  with  the  interval  be- 
tween a  pair  of  close  lines.  I  found  that,  under  the  circumstances, 
the  use  of  a  micrometer  would  have  given  the  appearance  only  of 
greater  accuracy.  1  wish  it,  therefore,  to  be  understood  that  I  re- 
gard the  following  estimations  as   provisional  only,  as  I  hope,  by 

*  Phil.  Ti-nns.  1808,  pp.  .'")20-r)r)0.  As  a  ruriuiis  inslniicp  in  which  Intoi* 
mclhocis  of  ()))Bervation  liuvc  been  partially  aiiticiputed,  a  relVroiioe  may  be  niiido 
to  an  ingenious  paper  in  tlie  riiilosopliical  Transactions  for  178;5,  vol.  hxiv.,  by 
the  Rev.  .John  Miehcll,  entitled  "On  tho  means  of  discovering  the  Distance, 
Magnitude,  kc.  of  tlie  Fixed  StarP,  in  conseiiiieiice  of  (lie  lliinimilion  of  tlio 
Velocity  of  tlieir  Light."  Tho  author  suggests  that  by  the  use  of  a  prism  "  wo 
might  be  al)!e  to  discover  diminutions  in  tiie  Velocity  of  light  as  perhaps  a  hun- 
dredth, a  two  hundredth,  a  five  hundredth,  or  even  a  thousandtli  part  of  tho 
whole."  ]hit  he  then  goes  on  to  reason  on  the  production  of  lliis  dimini.shcd  ve- 
locity by  tho  attraction  j)roduced  on  the  material  iwrtides  of  light  by  the  matter 
of  tho  stars,  and  that  tho  diminutions  slated  above  would  be  "occasioned  by 
spheres  whos.>  diameter  should  he  to  the  sun,  provided  tliey  wereof  the  same 
density,  in  the  several  proportions  of  7<>,  50,  l!t»,  and  I'li  to  1  respectively." 
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means  of  apparatus  now  being  constructed,  to  be  able  to  get  more 
accurate  determinations  of  the  velocity  of  the  motions. 

Sirius. — The  comparison  of  the  line  at  F  with  the  corresponding 
line  of  hydrogen  was  made  on  several  nights  from  January  18  to 
March  5.  Spectroscope  C  and  eyepieces  2  and  3  were  used.  These 
observations  contirm  the  conclusion  arrived  at  in  my  former  paper, 
that  the  star  is  moving  from  the  earth  ;  but  they  ascribe  to  the  star 
a  velocity  smaller  than  that  which  I  then  obtained. 

These  observations  on  different  days  show  a  change  of  refran- 
gibility  corresponding  to  a  velocity  of  from  20  miles  to  30  miles  per 
second.  The  jiart  of  the  earth's  orbital  motion  from  the  star  varied 
on  these  days  from  10  miles  to  14  miles  per  second.  We  may  take, 
therefore,  18  to  22  miles  per  second  as  due  to  the  star. 

The  difference  of  this  estimate,  which  is  probably  below  rather 
than  in  excess  of  the  true  amount,  from  that  which  I  formerly  made 
may  be  due  in  part  or  entirely  to  the  less  perfect  instruments  then  at 
my  command.  At  the  same  time,  if  Sirius  be  moving  in  an  elliptic 
orbit,  as  suggested  by  Dr.  Peters,  that  part  of  the  star's  proper 
motion  which  is  in  the  direction  of  the  visual  ray  would  constantly 
vary*. 

Betehjeux  (ft  Orionis). — In  the  early  observations  of  Dr.  Miller 
and  myself  on  this  star,  we  found  that  there  are  no  strong  lines  coin- 
cident with  the  hydrogen  lines  at  C  and  F.  The  line  H  a  falls  on 
the  less  refrangible  side  of  a  small  group  of  strong  lines,  and  II  ft 
occurs  in  the  space  between  two  groups  of  strong  lines  where  the  lines 
are  faint.  On  one  night  of  unusual  steadiness  of  the  air,  when  the 
finer  lines  in  the  star's  spectrum  were  seen  with  more  than  ordinary 
distinctness,  I  was  able  with  the  more  powerful  instruments  now  at 
my  command  to  see  a  narrow  defined  line  in  the  red  apparently  co- 
incident with  H  a,  and  a  similar  line  at  the  position  of  H  ft.  These 
lines  are  much  less  intense  than  the  lines  C  and  F  in  the  solar  spec- 
trum ;  there  are  certainly  no  bright  lines  in  the  star's  spectrum  at 
these  places. 

The  most  suitable  lines  in  this  star  for  comparison  with  terrestrial 
substances  for  ascertaining  the  star's  motion  arc  the  lines  of  sodium 
and  of  magnesium.  The  double  character  of  the  one  line  agreeing 
exactly  with  that  of  sodium,  and  the  further  circumstance  that  the 
more  refrangible  of  the  lines  is  the  stronger  one,  as  is  the  case  in 
spectrum  of  sodium  and  in  the  solar  spectrum,  and  the  relative  dis- 
tances from  each  other  and  comparative  brightness  of  the  three  lines, 
which  correspond  precisely  to  the  triple  group  of  magnesium,  can 
allow  of  no  doubt  that  these  lines  in  the  star  are  really  produced  by 

*  Dr.  n.  Yogel  at  Botbkamp  sccius  to  have  repeated  my  observations  on  Sirius 
with  the  necessary  care.  lie  says  (Astron.  Nachr.  No.  1804) : — "  Mit  der  cben 
beschriebenon  Anordnung  gehmg  cs  Itcrrn  Dr.  Lohso  und  niir  am  '12.  Marz 
(1871)  bei  ganz  vorziiglicher  Luft  die  Nichteeincidenz  der  drei  Wasscrstollliiiieu 
H  m,  II  /3,  und  II  y,  der  Geissler'selicn  Roliro  mit  den  entspreehenden  Linien 

dcs  Siriusspectrum  zu  sehen mit  Boriicksichtigiing  dor  Gescinvindigkoit  der 

Erdc  zur  Zeit  der  Bcobachtung  bv-reclinet  sieli  die  Gosehwindigkoit  mit  wclcher 
sich  Sirius  von  der  Erde  bewegt  zu  lUU  Meilcn  in  der  Sccunde.wogcgen  Procyou 
sich  138  Meilen  in  der  Secundo  vou  uuserer  Erdo  cntfernen  wiirdo." 
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the  vapours  of  these  substances  existing  there,  and  that  we  may  there- 
fore safely  take  any  small  displacement  of  either  set  of  lines  to  show 
a  motion  of  the  star  towards  or  from  the  earth.  The  lines  due  to 
sodium  are  perhaps  more  intense,  but  are  as  narrow  and  defined  as 
the  lines  D^,  D^  in  the  solar  spectrum  :  they  fall,  however,  within  a 
group  of  very  fine  lines  ;  this  circumstance  may  possibly  account  for 
the  nebulous  character  which  has  been  assigned  to  them  by  some  ob- 
servers. 

The  bright  lines  of  sodium  were  compared  with  spectroscope  B  and 
eyepiece  3  ;  they  appeared  to  fall  very  slightly  above  the  pair  in 
the  star,  showing  that  the  stellar  lines  have  been  degraded  by  the 
star's  motion  from  the  earth.  The  amount  of  displacement  was  esti- 
mated at  about  one  fifth  of  the  distance  of  D^  from  D.,,  which  is 
probably  rather  smaller  than  the  true  amount.  This  estimation  would 
give  a  velocity  of  separation  of  37  miles  per  second.  At  the  time 
of  observation  the  earth  was  moving  from  the  star  at  about  ]  5  miles 
per  second,  leaving  29  miles  to  be  due  to  the  star. 

When  magnesium  was  compared,  a  shift  in  the  same  direction,  and 
corresponding  in  extent  to  about  the  same  velocity  of  recession,  was 
observed  ;  but  in  consequence  of  other  lines  in  the  star  at  this  place, 
the  former  estimation,  based  on  the  displacement  of  the  lines  of 
sodium,  was  considered  to  be  more  satisfactory. 

Riyel. — The  lines  of  hydrogen  are  strong  in  the  spectrum  of  this 
6tai%  and  are  suitable  for  comparison. 

The  line  H/3  is  not  so  broad  as  it  appears  in  the  spectrum  of 
Sirius,  but  is  stronger  than  F  in  the  solar  spectrum :  this  line  was 
compared  by  means  of  spectroscope  C  and  eyepieces  2  and  3.  The 
line  of  terrestrial  hydrogen  falls  above  the  middle  of  the  line  in  the 
star  ;  the  star  is  therefore  receding  from  the  earth.  The  velocity  of 
recession  may  be  estimated  as  rather  smaller  than  Sirius,  probably 
about  30  miles  |)er  second,  the  earth  at  the  time  of  observation 
moving  from  the  star  with  a  velocity  of  15  miles,  leaving  about  15 
miUs  as  due  to  the  star.  Tliis  estimate  is  probably  rather  smaller 
than  the  true  velocity  of  the  star. 

Castor. — The  spectra  of  the  two  component  stars  of  this  double 
star  blend  in  the  spectroscope  into  one  spectrum.  The  line  11/3  is 
rather  broad,  nearly  as  much  so  as  the  same  line  in  the  spectrum  of 
Sirius. 

The  narrow  line  of  rarefied  hydrogen  was  compared  in  spectro- 
6co])e  B  with  eyepiece  3  ;  it  ajjpcared  to  fall  on  the  more  refran- 
gible side  of  the  middle  of  the  line  in  the  siar,  leaving  more  of  the 
dark  line  on  the  side  towards  the  red.  The  shift  seemed  to  be 
rather  greater  tlian  that  in  Sirius,  and  may  probal)ly  be  taken  at 
from  10  to  1')  miles  per  second  ;  l)Ut  the  eartii's  orbital  motion  was 
nearly  17  miles  from  the  star,  thus  leaving  about  2b  miles  for  the 
ai)parc'nt  velocity  of  the  star.  This  result  rests  at  present  on  obser- 
valions  on  one  night  only,  but  they  seemed  at  the  time  to  be  satis- 
factory. 

Rc(/ulu8.—T\u-  line  at  F  rather  broad.  The  corresponding  line  of 
hydrogen  fulls  on  the  more  refrangible  side  of  the  middle  of  the  dark 
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line  in  the  star.  The  air  was  unfavourable  on  all  the  evenings  of 
comparison  ;  a  rough  estimate  gives  a  velocity  of  from  30  to  35  per 
second.  The  earth's  motion  was  18  miles,  leaving  from  12  to  17 
miles  for  the  velocity  of  recession  between  the  star  and  the  sun. 

/3  ando  Leonis. — These  stars  were  compared  with  hydrogen  ;  they 
appear  to  be  moving  from  the  earth,  but  the  want  of  steadiness  in  the 
air  prevented  me  from  making  a  satisfactory  estimate  of  their  velocity. 
I  suspected  their  motion  to  be  rather  smaller  than  that  of  Rcgulus. 

/3,  y,  B,  £,  'C  Ursfe  majoris. — All  these  stars  have  similar  spectra,  in 
which  the  line  F  is  strong,  though  there  are  small  differences  in  the 
breadth  of  the  line.  They  were  compared  with  hydrogen,  and  appear 
to  be  moving  from  our  system  with  about  the  same  velocity.  Pro- 
bably their  motion  may  be  taken  to  be  not  far  from  30  miles  per 
second.  The  earth's  motion  at  the  time  of  observation  was  from  9 
miles  to  13  miles  from  these  stars,  leaving  a  probable  velocity  of  reces- 
sion of  1  7  to  29  miles  per  second.  In  tlie  case  of  the  double  star  ^, 
the  spectrum  consisted  of  the  light  of  both  stars. 

7]  Urs(B  majoris  was  also  compared  with  hydrogen.  I  believe  it 
shows  a  motion  from  the  earth  ;  but  the  observations  of  this  star  are 
at  present  less  satisfactory. 

a  Virginis  and  a  Coronce  borealis. — These  stars  were  compared 
with  hydrogen.  I  suspect  that  they  are  receding,  but  I  have  not 
had  nights  sufficiently  fine  to  enable  me  to  make  satisfactory  ob- 
servations of  these  stars. 

In  addition  to  these  stars  some  observations  (which  are  less  satis- 
factory on  account  of  the  unfavourable  state  of  the  weather  at  the 
time)  appear  to  show  that  the  stars  Procj'on,  Capella,  and  possibly 
Aldebaran  are  moving  from  the  earth. 

The  stars  which  follow  have  a  motion  of  approach. 

Arcturus. — In  the  spectrum  of  this  star  tlie  lines  of  hydrogen,  of 
magnesium,  and  of  sodium  are  sufficiently  distinct  for  comparison. 
I  found  the  comparison  could  be  most  satisfactorily  made  with  mag- 
nesium. 

The  bright  lines  of  magnesium  fall  on  the  less  refrangible  side 
of  the  corresponding  dark  lines  in  the  stfir's  spectrum,  showing 
that  the  star  is  approaching  the  earth.  I  estimated  the  shift  at  about 
■^  to  -^  of  the  interval  between  Mg,  and  Mgj ;  this  amount  of  dis- 
placement would  indicate  a  velocity  of  approach  of  ;30  miles  per 
second.  To  this  velocity  must  be  added  tlie  earth's  orbital  motion 
from  the  star  of  ;r  25  miles  per  second,  increasing  the  star's  motion  to 
55  miles  per  second. 

When  I  can  get  favourable  weather,  I  hope  to  obtain  independent 
estimations  from  the  lines  of  sodium  and  of  hydrogen. 

a  Lyrce. — In  the  spectrum  of  Vega  the  line  corresponding  to 
H /3  is  strong  and  broad.  Comparisons  were  made  on  several  nights, 
but  on  one  evening  only  was  the  air  favourable.  Tiie  observations 
are  accordant  in  showing  tliat  the  narrow  bright  line  from  a  Geisslcr's 
tube  falls  on  the  less  refrangible  side  of  the  middle  of  ilie  line  in  the 
star,  thus  leaving  more  of  the  line  on  the  side  towards  the  violet. 
The  estimations  give  a  motion  of  approach  between  the  earth  and 
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the  star  of  from  40  to  50  miles  per  second,  to  which  must  be  added 
3*9  miles  for  the  earth's  raotiou  from  the  star. 

a  Cygni. — The  hydrogen  hne  at  F  in  the  spectrum  of  this  star 
is  narrower  than  in  the  spectrum  of  Sirius  and  of  a  Lyree,  though 
probably  rather  broader  than  the  same  line  in  the  solar  spectrum. 
I  have  at  present  observations  made  on  two  evenings  only,  on  both  of 
which  the  state  of  the  air  was  unfavourable  for  the  comparison  of  this 
line  with  that  of  terrestrial  hydrogen.  They  give  to  the  star  a 
motion  of  approach  of  about  30  miles  per  second,  which  would  have 
to  be  increased  by  9  miles,  the  velocity  at  the  time  of  the  earth  from 
the  star. 

Pollux. — The  lines  of  magnesium  and  those  of  sodium  are  very 
distinct  in  the  spectrum  of  this  star.  As  the  air  was  not  very  steady 
at  the  time  of  my  observations,  I  found  it  more  satisfactory  to  use 
for  comparison  the  lines  of  magnesium,  which  are  rather  stronger  than 
those  of  sodium.  The  three  lines  of  magnesium  appeared  to  be  less 
refrangible  than  the  corresponding  dark  lines  in  the  spectrum  of  the 
star  by  about  one  sixth  of  the  interval  from  Mg^  to  Mgj.  This  esti- 
mation would  represent  a  velocity  of  approach  equal  to  about  32 
miles  per  second.  The  earth's  motion  from  the  star  was  I/'.t  miles, 
which  increases  the  apparent  velocity  of  approach  to  49  miles  per 
second.  On  one  evening  only  was  the  air  favourable  enough  for 
a  numerical  estimate,  but  the  observations  were  entered  in  my  ob- 
servatory-book as  satisfactory. 

a  Urs(S  majoris. — The  spectrum  of  this  star  is  different  from 
the  spectra  of  the  other  bright  stars  of  this  constellation.  The  line 
at  F  is  not  so  strong,  while  the  lines  at  b  are  more  distinct,  and  are 
sufficiently  strong  for  comparison  with  the  bright  lines  of  magnesium. 
The  bright  lines  of  this  metal  fall  on  the  less  refrangible  side  of  the 
dark  lines,  and  show  a  motion  of  approach  of  from  35  to  50  miles 
per  second.  The  earth's  motion  of  1 1*8  miles  from  the  star  must  be 
added. 

y  Leonis  and  §  Bo'vtis. — In  both  these  double  stars  the  com- 
pound spectrum  due  to  the  light  of  both  component  stars  was  ob- 
served. Both  stars  are  most  conveniently  compared  with  magne- 
sium. I  do  not  consider  my  observations  of  these  stars  as  quite 
satisfactory,  but  they  seem  to  show  a  movement  of  approach  ;  but 
further  observations  arc  desirable, 

Tlie  stars  y  Cyyni,  a  Pcyasi,  y  Pcyosi,  and  o  Andromed<e  were 
compared  with  hydrogen  on  one  nigiit  only.  It  is  probable  that 
these  stars  arc  aj/proaching  the  earth,  but  I  wish  to  reobservc  them 
before  any  numerical  estimate  is  given  of  tluir  motion. 

y  Cu.ssiopeice. — On  two  nights  I  compared  the  bright  lines  which 
are  present  in  its  sjtectrum  at  C  and  F  wilii  the  bright  lines  of  ter- 
restrial hydrogen.  The  coincidence  api)eared  nearly  perfect  in  sjjcc- 
troscope  C  with  eyepieces  2  and  3  ;  but  on  the  night  of  best  detinitjon 
I  suspected  a  minute  displacement  of  the  bright  line  towards  the  red 
when  compared  with  II  /3.  As  the  earth's  orbital  motion  from  the 
star  attlie  time  was  very  small,  about  3-25  miles  per  second,  which 
-corresponds  to  a  shift  that  could  not  be  detected  in  the  spectroscope, 
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it  seems  probable  that  y  Cassiopeise  has  a  small  motion  of  reces- 
sion. 

In  the  calculation  of  the  estimated  velocities  the  wave-lengths  cm- 
ployed  are  those  given  by  Angstrom  in  his  '  Recherches  sur  le  spectre 
solaire'  (Upsal,  1868).  The  velocity  of  light  was  taken  at  185,000 
miles  per  second. 

The  velocities  of  approach  and  of  recession  which  have  been 
assigned  to  the  stars  in  this  paper  represent  the  whole  of  the  motion 
in  the  line  of  sight  which  exists  between  them  and  the  sun.  As 
we  know  that  the  sun  is  moving  in  space,  a  certain  part  of  these 
observed  velocities  must  be  due  to  the  solar  motion.  1  have  not  at- 
tempted to  make  this  correction,  because,  though  the  direction  of 
the  sun's  motion  seems  to  be  satisfactorily  ascertained,  any  estimate 
that  can  be  made  at  present  of  the  actual  velocity  with  which  he  is 
advancing  must  rest  upon  suppositions,  more  or  less  arbitrary,  of 
the  average  distance  of  stars  of  different  magnitudes.  It  seems  not 
improbable  that  this  part  of  the  stars'  motions  may  be  larger  than 
would  result  from  Otto  Struve's  calculations,  which  give,  on  the  sup- 
position that  the  average  parallax  of  a  star  of  the  first  magnitude 
is  equal  to  0"-209,  a  velocity  but  httle  greater  than  one  fourth  of 
the  earth's  annual  motion  in  its  orbit. 

It  will  be  observed  that,  speaking  generally,  the  stars  which  the 
spectroscope  shows  to  be  moving  from  the  earth  (Sirius,  Betelgeux, 
lligel,  Procyon)  are  situated  in  a  part  of  the  heavens  opposite  to  Her- 
cules, towards  which  the  sun  is  advancing,  while  the  stars  in  the 
neighbourhood  of  this  region,  as  Arcturus,  Vega,  a  Cygni,  show  a 
motion  of  approach.  There  are  in  the  stars  already  observed  excep- 
tions to  this  general  statement ;  and  there  are  some  other  considera- 
tions which  appear  to  show  that  the  sun's  motion  in  space  is  not 
the  only,  or  even  in  all  cases,  as  it  may  be  found,  the  chief  cause 
of  the  observed  proper  motions  of  the  stars*. 

There  can  be  little  doubt  that  in  the  observed  stellar  move- 
ments we  have  to  do  with  two  other  independent  motions — ramely, 
a  movement  common  to  certain  groups  of  stars,  and  also  a  motion 
peculiar  to  each  star. 

Mr.  Proctor  has  brought  to  light  strong  evidence  in  favour  of  the 
drift  of  stars  in  groups  having  a  community  of  motion,  by  his  gra- 
phical investigation  of  the  proper  motions  of  all  the  stars  in  the 
catalogues  of  Mr.  Main  and  Mr.  Stonef.  The  probability  of  the 
stars  being  collected  into  systems  was  early  suggested  by  Miehell 
and  the  elder  IlerschelJ.     One  of  the  most  remarkable  instances 

*  As  the  velocities  nssigned  to  the  .stars  arc,  for  reasons  ah'cady  stated,  pro- 
visional only,  I  i'cel  some  hesitation  in  drawing  from  them  the  obvious  conclu- 
sions which  they  would  suggest.  Tlie  velocities  given  in  the  Tables  for  those 
stars  which  are  moving  in  direction  in  accordance  with  llie  sun's  motion  towards 
Hercules  do  nt>t  hear  to  each  other  the  relation  which  they  should  have  it'  they 
were  mainly  produced  by  tiie  sun's  motion.  Even  i'or  those  stars,  therefore,  wo 
must  look  elsewhere  for  the  cause  to  which  they  are  chiefly  due. 

t  See  "  Preliminary  Paper  on  certain  Drifting  Motions  of  the  Stars,"  Proc. 
Eoy.  Soc.  vol.  xviii.  p'.  Ititt. 

J  Sir  William  Jlerschd  writes  : — "  Mr.  j\Iichell's  admirable  idea  of  the  stars 
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pointed  out  by  Mr.  Proctor  are  the  stars  (3,  y,  5,  e,  ^  of  the  Great 
Bear,  v^•hich  have  a  community  of  proper  motions*,  while  a  and  tj  of 
the  same  constellation  have  a  proper  motion  in  the  opposite  direction. 
Now,  the  spectroscopic  observations  show  that  the  stars  /3,  y,  S,  s,  'C 
have  also  a  common  motion  of  recession,  while  the  star  a  is  approach- 
ing the  earth.  The  star  ?;,  indeed,  appears  to  be  moving  from  us,  but 
it  is  too  far  from  a  to  be  regarded  as  a  companion  to  that  star. 

Although  it  was  not  to  be  expected  that  a  concurrence  would 
ah.\ays  be  found  between  the  proper  motions  which  indicate  the  ap- 
parent motions  at  right  angles  to  the  line  of  sight  and  the  radial  mo- 
tions as  discovered  by  the  spectroscope,  still  it  is  interesting  to  remark 
that  in  the  case  of  the  stars  Castor  and  Pollux,  one  of  which  is  ap- 
proaching and  the  other  receding,  their  proper  motions  also  are 
different  in  direction  and  in  amount — and  further,  that  y  Leonis, 
which  has  an  opposite  radial  motion  to  a  and  ft  of  the  same  constel- 
lation, differs  from  these  stars  in  the  direction  of  its  proper  motion. 
Table  I. — Stars  moving  from  Sun. 


Star. 


Sirius 

Betclgeus 

Rigcl 

Castor    

Ecgulns 

/3  Ursa:  majoris 

y       ,> 

c       „         „ 


/3  Leonis    

S  Leonis     

t]  Ursai  majoria    .. 

«  Virginis 

a  Coronas  borealis 

Procyon    

Capella 

Aldf^baran  ?   

y  Cassiopeia? 


Compared 
with 


H 
Xa 
H 
H 
H 

^1 

h| 
II 

H 
H 

n 

H 

ir 
n 
II 
n 
II 

]Mg 
II 


Apparent 
motion. 


Earth's 
motion. 


28  to  36 

37 

30 

40  to  45 

30  to  35 


-10  to  14 
-15 
-15 
-17 

-IS 


-  0  to  13 


llotiou 
from  sun. 


18  to  22 

22 

15 

23  to  28 

12  to  17 


17  to  21 


being  collected  into  Bysfems  appears  to  be  extremely  well  founded,  and  is  every 
day  more  confirmed  by  observations,  tliougli  this  docs  not  take  away  the  pro- 
bability of  many  stars  being  still  as  it  were  solitary,  or,  if  I  may  uscthe  expression, 

inlersvstcmatical A  star,  or  sun  such  as  ours,  may  have  a  proper  motion 

withiti  its  own  system  of  stars,  while  at  the  same  time  the  whole  starry  system 
to  which  it,  belongs  may  have  another  proper  motion  totally  different  in  quanti.y 
and  direction."  Ilerschel  further  says,  "And  should  there  bo  found  in  any 
particular  jiart  of  the  heavens  a  concurrence  of  jiropcr  ninlions  of  quite  a  dilTerent 
directi<m,  we  sludl  then  begin  to  form  some  conjectures  wliich  stars  may  po'^^i'^l/ 
belong  to  ours,  and  which  to  oth«T  systems."— Phil.  Trans.  178.'?,  p]).  27f),  277. 
*  Mr.  IVoclor.  sjicaking  of  the.>;c  stars,  Miys:— "Their  drift  is,  1  tliuik,  most 
significant.  If,  in  truth,  the  parallelism  and  equality  of  motion  are  to  be  re- 
garded as  accidental,  the  coincidonco  is  one  of  most  remarkable  character.  But 
Buch  an  interpretation  can  hardly  ho  looked  upon  as  admissible  when  we  remem- 
ber that  the  |)cculiarily  is  only  one  of  a  series  of  in.slanee.s,  some  of  which  aro 
scarcely  less  striking.''— Other  Worlds  than  Ours,  p.  209.  See  paper  in  Troc. 
Boy.  H(K.  vol.  xviii.  p.  170, 
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It  scarcely  needs  remark  that  the  difference  iu  breadth  of  the  line 
H  13  in  different  stars  affords  us  information  of  the  difference  of  den- 
sity  of  the  gas  by  which  the  lines  of  absorption  are  produced.  A 
discussion  of  the'  observations  in  reference  to  this  point,  and  other 
considerations  on  the  physical  condition  of  the  stars  and  nebulse,  I 
prefer  to  reserve  for  the  present. 

Table  II. — Stars  approaching  the  Sun. 


Star. 

Compared 
with 

Apparent 
motion. 

Earth's 
motion. 

i^rotion  to- 
wards sun. 

Arcturus    

H 
H 

Mg 

Mg 

Mg 

Mg 

H 

H 

H 

H 

50 

40  to  50 

30 

32 

35  to  50 

+  o 
+  3-9 
+  9 
+17 
+11 

55 

44  to  54 

39 

49 

46  to  60 

Vega 

«  Cvimi 

Pollux 

M  TJrsaj  niajoris 

y  Leonis    

e  Bootis 

y  CysTii 

m  Pegasi 

y  Pegasi? 

ec  AndromediE  

December  12.— '^^illiam  Spottiswoode,  M.A.,  Treasurer  and  Vice-- 
President,  in  the  Chair. 

The  following  communication  was  read : — 

"  Eesearches  iu  Spectrum  Analysis  in  connexion  with  the  Spec- 
trum of  the  Sun." — Xo,  I.     By  J.  Xorman  Lockyer,  F.E.S. 

The  author,  after  referring  to  the  researches  in  which  he  has 
been  engaged  since  January  1869  in  conjimction  with  Dr.  Frank- 
land,  refers  to  the  evidence  obtained  by  them  as  to  the  thickening 
and  thinning  of  spectral  lines  by  variations  of  pressure,  and  to  the 
disappearance  of  certain  hues  when  the  method  employed  by  them 
since  1869  is  used.  This  method  consists  of  thro^^"iug  an  image  of 
the  hght-soui'ce  to  be  examined  on  to  the  sht  of  the  spectroscope. 

It  is  pointed  out  that  the  phenomena  observed  are  of  the  same 
nature  as  those  already  described  by  Stokes,  AV.  A.  Miller,  Eobinson, 
and  Thalen,  but  that  the  application  of  this  method  enables  them  to 
be  better  studied,  the  metallic  spectra  being  clearly  separated  from 
that  of  the  gaseous  medium  through  which  the  '^parlc  passes.  Pho- 
tographs of  the  spark,  taken  in  ah-  between  zinc  and  cadmium  and 
zinc  and  tin,  accompany  the  paper,  sho\\"ing  that  when  spectra  of 
the  vapours  given  off  by  electrodes  are  studied  in  this  manner,  the 
vapours  close  to  the  electrode  give  lines  which  disappear  from  the 
spectrum  of  the  vapour  at  a  greater  distance  from  the  electrode, 
so  that  there  appear  to  be  long  and  short  lines  iu  the  spectrum. 

The  following  elements  ha\e  been  mapped  on  this  method  : — 
Na,  Li,  Mg,  Al,  jNIn,  Co,  Ni,  Zn,  Sr,  Cd,  Sn,  Sb,  Ba,  and  Pb, 
tlie  lines  being  laid  down  from  Thalen  s  maps,  and  the  various 
characters  and  lengths  of  the  lines  shown. 

In  some  cases  the  spectra  of  the  metals,  enclosed  iu  tubes  and  sub- 
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jected  to  a  continually  decreasing  pressure,  have  been  observed.  In 
all  these  experiments  the  lines  gradually  disappear  as  the  pressure 
is  reduced,  the  shortest  lines  disajjpearing  first,  and  the  longest  lines 
remaining  longest  visible. 

Since  it  appeared  that  the  purest  and  densest  vapour  alone  gave 
the  greatest  number  of  Hues,  it  became  of  interest  to  examine  the 
spectra  of  compounds  consisting  of  a  metal  combined  ^ith  a  non- 
metalhc  element.  Experiments  with  chlorides  are  recorded.  It 
was  found  ia  all  cases  that  the  difference  between  the  spectrum  of 
the  chloride  and  the  spectrum  of  the  metal  was  that  under  the 
same  spark-conditions  all  the  short  hues  were  obliterated.  Chan- 
ging the  spark-conditions,  the  final  residt  was  that  only  the  very 
longest  lines  in  the  spectrum  of  the  metalHc  vapour  remained. 
It  was  observed  that  in  the  case  of  elements  with  low  atomic 
weights,  combined  with  one  equivalent  of  chlorine,  the  numbers  of 
lines  which  remain  in  the  chloride  is  large,  60  per  cent.,  e.  g.,  in  the 
case  of  Li  and  40  per  cent,  in  the  case  of  Xa ;  wiiile  in  the  case  of 
elements  with  greater  atomic  weights,  combined  with  two  equiva- 
lents of  chlorine,  a  much  smaller  number  of  lines  remain — 8  per 
cent,  in  the  case  of  barium,  and  3  per  cent,  in  the  case  of  Pb. 

The  application  of  these  observations  to  the  solar  spectrum,  to 
elucidate  which  they  were  undertaken,  is  then  given. 

It  is  well  known  that  all  the  kuowni  lines  of  the  metallic  elements 
on  the  solar  atmosphere  are  not  reversed.  Mr.  Lockyer  states  what 
Kirchhoff  and  Angstrom  have  w-ritten  on  this  subject,  and  what 
substances,  according  to  each,  exist  in  the  solar  atmosphere.  He 
next  announces  the  discovery  that,  with  no  exception  w  hatever,  the 
lines  which  are  reversed  are  the  longest  lines.  "With  this  additional  key 
he  does  not  hesitate  to  add,  on  the  strength  of  a  small  number  of 
lines  reversed,  zinc  and  aluminium  (and  possibly  strontium)  to  the 
last  list  of  solar  elements  given  by  Thalen,  who  rejected  zinc  from 
Kirchhoff's  list,  and  agreed  with  him  in  rejecting  aluminium.  Ifc 
need  scarcely  bo  added  that  these  lines  are  in  each  case  the  longest 
lines  in  the  spectrum  of  the  metal. 

The  help  which  these  determinations  afford  to  the  study  of  the 
various  cyclical  changes  in  the  solar  spectra  is  then  referred  to. 


GEOLOQICAL  SOCIETY. 
[Continueil  from  vol.  xliv.  p.  51.3.] 
INfay  22,  1872.— rrof.  Monis,  V.P.,  in  tlic  Chair. 

The  following  communication  was  read  : — 

"  Sonic  observations  on  the  Upper  (Jrccnsand  Formation  of 
Cambridge."  ]5y  W.  Johnston  Sollas,  l'iS(i.,  Assoc.  J{oy:d  Scliool  of 
Mines,  Jxmdon. 

The  autljor  stipposcs  tliat  the  coprolites  are  in  all  casos  the  result 
of  the  fo.ssilization  of  organic  matter,  or  of  tlie  intermediate  pro- 
ducts of  its  decomposition — a  large  number  being  simjily  fossil 
sponges,  and  the  rest  merely  the  'phonphatization  of  animal  matter 
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80  far  decomposed  as  to  have  lost  almost  every  trace  of  its  onginal 
structure.  He  said  that  it  had  been  su?;gestcd  that  the  decomposi- 
tion of  small  fij^h  must  have  furiuslied  the  Gault  with  a  large  pro- 
portion of  that  phosphatic  matter  which  saturated  the  last-deposited 
clay  of  tlie  formation,  and  which  served  to  fossilize  the  decaying 
organisms  imbedded  in  it.  He  supposes  that  the  roughly  cylin- 
drical forais  having  a  core  of  white  chalk-marl  with  an  outer  an- 
nular portion  of  coprolitic  material  are  sponges.  He  said  that  he 
had  obtained  from  the  calcareous  portions  of  this  deposit  numerous 
specimens  of  Foraminifera  belonging  to  genera  of  which  he  gave  a 
list.  He  thought  that  the  green  grains  are  casts  of  Foramiuifera. 
He  stated  that  he  has  obtained  several  glauconitic  casts  still  coated 
with  the  shells  of  the  Foraminifera  in  which  they  were  formed.  In 
conclusion  the  author  pointed  out  the  iinreliable  nature  of  the  ana- 
lyses made  of  the  green  grains. 

June  5,  1872.— J.  Gwyn  Jeffreys,  Esq.,  F.K.S.,  in  the  Chair. 

The  following  communications  were  read : — 

1.  "  Notes  on  Sand-pits,  Mud-volcanoes,  and  Brine-pits  met  with 
during  the  Yarkand  Expedition  of  1870."  By  George  Henderson 
M.D.,  F.L.8. 

The  author  described  some  very  remarkable  circular  pits  which 
occurred  chiefly  in  the  valley  of  the  Karakash  river.  These  pits 
varied  in  diameter  from  G  to  8  feet,  and  were  between  2  and  3  feet 
deep,  the  distances  between  the  pits  being  about  the  same  as  the 
diameters.  He  accounted  for  the  formation  of  the  pits  by  supposing 
that  the  water,  which  sinks  into  the  gravel  at  the  head  of  the  valley, 
flows  under  a  stratum  of  clay,  which  prevents  it  from  rising ;  the 
water  in  course  of  time,  however,  flowing  in  very  varying  quantities 
at  different  periods,  gradually  washes  away  small  portions  of  the 
clayey  band,  when  the  sand  above  runs  throngh  into  the  ca.'ity  thus 
formed,  leaving  the  pits  described  by  the  author.  The  mud-vol- 
canoes at  Tarl  Dab  he  accounted  for  by  supposing  that  after  a  fall 
of  rain  or  snow  the  air  contained  in  the  water-bearing  stratum 
would  get  churned  up  with  water  and  mud,  and  be  ejected  as  a 
frothy  mud,  sometimes  to  a  height  of  3  feet ;  while  the  brine-pits  in 
the  Kara'iash  valley  he  believed  to  be  formed  by  the  excessive  rise 
and  fall  in  the  level  of  that  river  at  various  times,  which  alternately 
Alls  and  empties  the  bottoms  of  the  pits,  and  the  water  left  in  the 
])its  gets  gradually  concentrated  by  evaporation  until  a  strong  brine 
remains, 

2,  "  On  the  Cervidfc  of  the  Forest-bed  of  Norfolk  and  Suffolk." 
By  W,  Boyd  Dawkins,  Esq.,  M.A.,  F.B.S.,  F.G.S. 

Tlie  author  described  a  new  fo -m  of  Cervux  from  the  Forest-bed 
of  Norfolk,  which  lie  based  on  a  series  of  antlers,  and  named  C.  ver- 
ticornis.  Tlie  base  of  the  antler  is  set  on  the  head  very  obliquely  ; 
immediately  above  it  springs  the  cylindrical  brow-tyne,  whic'i  sud- 
denly curves  downwards  and  inwards ;  immediately  above  the 
brow-tyne  the  beam  is  more  or  less  cylindrical,  becoming  gradually 
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flattened.  A  tliircl,  flattened  tyne  springs  on  the  anterior  side  of  the 
beam ;  and  immediately  above  it  the  broad  crown  terminates  in  tvro 
or  more  points.  No  tyne  is  thro-vm  ofi"  on  the  posterior  side  of  the 
antler,  and  the  sweep  is  uniutermpted  from  the  antler-base  to  the 
first  point  of  the  crown.  The  antlers  differ  in  curvature  and  other- 
wise fi'om  those  of  Cervus  megaceros ;  but  there  is  a  general  resem- 
blance between  the  two  animals,  and  the  verticorms  must  have 
rivalled  the  Irish  Elk  in  size,  A  second  species  of  Deer,  the 
Cervus  carnutorii.m,  which  had  been  fiu'nLshcd  by  the  strata  of  St.- 
Prest  near  Chartrcs,  must  be  added  to  the  fauna  of  the  Forest-bed. 
The  Cervida;  of  the  Forest-bed  preseut  a  remarkable  mixture  of 
forms,  such  as  the  Cervus  polirinacus,  C.  Sedcjwickii,  C.  megaceros, 
C.  carnuforum,  C.  elaplms,  and  C.  capreolus,  seeming  to  indicate 
that  in  classification  the  Forest-bed  belongs  rather  to  an  early  stage 
of  the  Pleistocene  than  to  the  Pliocene  age.  This  inference  is 
strongly  corroborated  by  the  presence  of  the  Mammoth,  which  is  so 
characteristic  of  the  Pleistocene  age. 

3.  "  The  Classification  of  the  Pleistocene  Strata  of  Britain  and 
the  Continent  by  means  of  the  Mammalia."  Bv  W.  Boyd  Dawkins, 
Esq.,  M.A.,  F.B.S.,  F.G.8. 

The  Pleistocene  deposits  may  be  divided  into  three  groups : — 1st, 
that  in  which  the  Pleistocene  immigxants  lived,  with  some  of  the 
southern  and  Pliocene  animals  in  Britain,  Franco,  and  Germany,  and 
in  which  no  arctic  mammalia  had  arrived  ;  2ud,  that  in  which  the 
characteristic  Pliocene  Corvidte  had  disappeared,  and  the  Elephas 
vieridioncdis  and  JUiinoceros  etruscus  had  been  driven  south ;  3rd, 
that  in  which  the  true  arctic  mammalia  were  the  chief  inhabitants. 

This  third  or  late  Pleistocene  division  must  be  far  older  than  any 
Prehistoric  deposits,  as  the  latter  often  rest  on  the  former,  and  are 
composed  of  diflereut  materials ;  but  the  difference  offered  by  the 
fauna  is  the  most  striking.  In  the  Pleistocene  river-deposits  twenty- 
eight  species  have  been  found,  the  remains  of  man  being  associated 
■with  the  Lion,  Hijipopotamus,  Mammoth,  Wolf,  and  Keindcer.  On 
examining  the  fauna  from  the  ossiferous  caves,  we  find  the  sumo 
group  of  animals,  with  the  exception  of  the  ^Nrusk-sheep  ;  and  it  is 
therefore  evident  that  the  cave-fauna  is  identical  with  that  of  the 
river  strata,  and  m  ist  be  referred  to  the  same  period.  Some  few 
animals,  however,  which  would  ])afurally  liaunt  caves,  arc  peculiar 
to  them,  as  the  Cave-bear,  Wild  Cat,  Leopard,  &c. 

T]\('.  magnitude  of  the  break  in  time  between  the  Prehistoric  and 
late  Pleistocene  period  may  be  gathei-ed  also  from  the  disappearance 
in  the  interval  of  no  less  than  nireteen  specicR. 

The  middle  division  of  the  Plcisiocene  n  aiumalia,  or  that  from 
which  the  Pliocene  Cervidnc  had  disappeared  and  been  replaced  by 
invading  temperate  forms,  is  represciiteil  in  (Jreat  Britain  by  the 
deposits  of  the  Low<>r  Brick-earths  of  the  Thar.ies  valley,  and  the 
older  deposits  in  Kent's  Hole  and  Oreston.  The  discovery,  by  the 
llev.  ().  Fi.'iher,  of  ;i  flint-Hake  in  the  undisturbed  Lower  IJiick-earth 
at  Crayford  proves  that  man  must  have  been  living  at  this  time. 
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Tho  mammalia  from  tliesc  deposits  are  linked  to  the  Pliocene  by 
the  Rh.  megarhinus,  and  to  the  late  Pleistocene  by  the  Ovibos  mos- 
chatus.  The  presence  of  IfucJuerodus  Jatidcns  in  Kent's  Hole,  and 
of  the  EJi.  vieijarhiaus  in  the  cave  at  Orestou,  tends  to  the  conclu- 
sion that  some  of  the  caves  in  the  south  of  England  contain  a  fauna 
that  was  Hving  before  the  late  Pleistocene  age.  The  whole  assem- 
blage of  middle  Pleistocene  animals  evinces  a  less  severe  climate 
than  in  the  lace  Pleistocene  times. 

The  fossil  bones  from  the  Forest-bed  of  Xorfolk  and  Suffolk  show 
that  in  the  early  Pleistocene  mammalia  there  was  a  great  mixture 
of  Pleistocene  and  Pliocene  species.  It  is  probable  also  that  the 
period  was  one  of  long  duration ;  for  in  it  we  find  two  animals  which 
are  unknown  on  the  continent,  implying  that  the  lapse  of  time  was 
sufficiently  great  to  allow  of  the  evolution  of  forms  of  animal  life 
hitherto  unknown,  and  which  disappeared  before  the  middle  and 
late  Pleistocene  stages. 

The  author  criticised  M.  Lartet's  classification  of  the  Late  Pleis- 
tocene or  Quaternary  period  by  means  of  the  Cave-bear,  Mammoth, 
Reindeer,  and  Aurochs,  and  urged  that,  since  the  remains  of  all  these 
animals  were  intimately  associated  in  the  caves  of  Prance,  Germany, 
and  Britain,  and,  so  far  as  we  know,  the  first  two  appeared  and 
disappeared  together  and  the  last  two  lived  on  into  the  Prehistoric 
age,  they  did  not  afford  a  basis  for  a  chronology. 

The  latest  of  the  three  divisions  of  the  British  Pleistocene  fauna 
is  widely  spread  through  France,  Germany,  aud  Eussia,  from  the 
English  Channel  to  the  shores  of  the  Mediterranean.  The  Middle 
Pleistocene  is  represented  by  a  river-deposit  in  Auvergne,  and  by  a 
cave  in  the  Jura,  in  which  the  presence  of  the  JJachcerodns  latidens, 
and  a  non-tichorine  Bhinoceros,  and  the  absence  of  the  charac- 
teristic arctic  group  of  the  late  Pleistocene  and  of  all  the  pecuUtu" 
animals  of  the  early  Forest-bed  stage,  prove  that  that  era  must  be 
Middle  Pleistocene.  Tho  Early  Pleistocene  division  is  represented 
in  France  by  the  river-deposit  at  Chartres,  being  characterized  by 
the  presence  of  two  non-Pliocine  animals,  Trotjontheriam  and  Ctrius 
carnutorum. 

The  Pleistocene  mammalia  of  the  regions  south  of  the  Alps  and 
Pyrenees  present  no  trace  of  truly  arctic  species,  the  Mammoth 
being  viewed  as  an  animal  fitted  for  the  climatal  conditioDs  both 
of  Northern  Siberia  and  of  the  southern  states  of  America.  It  con- 
tains Elephas  afr'uanns  and  Hyana  striata. 

The  fauna  of  Sicily,  ^Talta,  and  Crete  differs  considerably  from 
that  described  above,  possessing  some  peculiar  forms,  such  as  ////>- 
popoiamxs  Fenthindi,  Mi/oxus  mtUtciisis  and  Elephas  mdltensls. 

The  Pleistocene  mammalia  may  be  divided  into  five  groups,  each 
marking  a  diftcrcuce  in  the  climate : — the  fii'st  cmbracingthose  wliich 
now  live  in  hot  countries ;  the  second  those  which  inhabit  northern 
regions,  or  high  mountains,  where  the  cold  is  severe  ;  the  third 
those  which  inhabit  temperate  regions ;  a  fourth  those  which  arc 
found  alike  in  hot  and  cold ;  and  a  fifth,  which  arc  extinct. 

There  were  three  climatal  zones,  marked  by  the  vai-ying  range  of 
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the  animals  : — the  northern,  into  which  the  southern  forms  never 
penetrated,  the  latitude  of  Yorkshire  being  the  boundary  of  the 
advance  of  the  southern  animals ;  the  southern,  into  which  the 
northern  species  never  passed,  a  Hue  passing  through  the  Alps  and 
Pyrenees  being  the  limit  of  the  range  of  the  northern  animals  ; 
and  an  intermediate  area,  in  which  the  tvro  are  found  mingled 
together. 

Two  out  of  the  three  zones  are  proved  by  the  physical  evidence  of 
the  Pleistocene  strata. 

AVe  see  by  the  discoveries  of  Dr.  Bryce,  Mr.  Jameson,  and  others, 
that  the  Pleistocene  mammalia  miist  have  invaded  Europe  during 
the  first  Glacial  period  before  the  submergence';  for  the  Eciudeer 
and  the  jfammoth  have  been  found  in  Scotland  under  tlie  deposits 
of  the  Boulder-clay.  Dr.  Falconer  and  others  have  also  discovered 
the  latter  animal  in  the  preg^acial  Forest-bed.  The  Glacial  period 
can  therefore  no  longer  be  looked  on  as  a  hard  and  fast  barrier  sepa- 
rating one  fauna  from  another.  If  man  be  treated  as  a  Pleistocene 
animal,  there  is  reason  to  believe  that  he  formed  one  of  the  North 
Asiatic  group,  which  was  certainly  in  possession  of  Northern  and 
Central  Europe  in  Preglacial  times. 

The  Pleistocene  mammalia  may  again  be  di\'ided  into  three 
groups — those  Avhich  came  from  Northern  and  Central  Asia,  those 
fro  a  Africa,  and  those  which  were  living  in  the  same  area  in  the 
Pliocene  age.  Had  not  the  animals  which  lived  in  Europe,  during 
the  Pliocene  age,  been  insulated  from  those  which  invaded  Europe 
from  A  ia,  by  some  impassable  barrier,  the  latter  would  occur  in 
our  Pliocene  strata  as  well  as  the  former.  Such  a  barrier  is  offered 
by  the  northern  extension  of  the  Caspian  up  the  valley  of  the  Obi 
to  the  Arctic  Sea.  The  animals  of  Northern  and  Central  Asia  could 
not  pass  westwards  ui  til  the  barrier  was  removed  by  the  elevation 
of  the  sea-bottom  between  the  Caspian  and  the  Urals. 

The  same  argument  holds  good  as  to  the  African  mammalia, 
which  could  not  have  ])assed  into  Sicily,  Spain,  or  Britain  without  a 
northward  extension  of  the  African  mainland. 

The  relation  of  the  Pleistocene  to  the  Pliocene  fauna  is  a  ques- 
tion of  great  difficulty.  If  the  Pliocene  fauna  be  compared  with 
that  of  the  Forest-bed,  it  will  be  seen  that  the  difference  between 
them  is  very  great.  The  Pliocene  Mastodon  a  ul  Tapir,  and  most  of 
the  Cervidie,  are  replaced  by  forms  such  as  the  Koe  and  Bed  Deer, 
unknown  until  then  ;  but  many  of  tlie  Pliocene  animals  were  able 
to  liold  tlieir  ground  against  the  I'leistocene  invaders,  although  they 
were  ultimately  beaten  in  the  struggle  for  existence  by  the  new 
comers.  The  fnuna  which  the  autlior  adopted  as  typically  Pliocene 
is  that  funiislied  by  the  lacustrine  strata  of  Auvergne,  the  marine 
sand.s  of  Moutpcllicr,  and  the  older  Huviatile  strata  of  the  Val 
d'Aruo, 
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THE  INVENTION  OF  THE  AYATER  AIR-PUMP.       BY   H.  SPRENGEL. 

[Statement*. 

ALETTEE  addressed  to  ine  by  Dr.  Sprengel  under  date  of  No- 
vember 1st,  1872,  in  ^^■hic•h  he  says,  "  Perhaps  it  -will  uot  have 
escaped  your  observation,  that  the  invention  of  the  water  air-pump, 
\Ahich  you  have  constructed  after  the  principle  of  my  mercury  air- 
pump,  according  to  your  paper  pubHshed  in  IbGS  on  the  AVashiug 
of  Precipitates,  is  almost  everywhere  attributed  to  you,''  induces 
me  to  make  the  following  statement. 

The  interesting  disC'overy,  that  by  means  of  columns  of  liquids  flow- 
ing do\A'nwards  a  more  pei'fect  vacuum  can  be  produced  than  was  pos- 
sible by  the  air-pumps  hitherto  in  use,  belongs  solely  and  only  to 
Dr.  Sprengel.  He  in  his  researches  on  the  Vacuum  (Journal  of 
the  Chemical  Society,  January  1865),  brings  prominently  forwards 
that  water  is,  from  a  practical  point  of  view,  the  only  liqiud  which 
could  come  into  consideration  as  a  substitute  for  mcrcurv,  used  in 
the  instrument  described  by  him,  and  that  it  is  not  unlikely  that 
such  an  instrument,  adapted  for  water,  might  possess  advantages 
which  air-pumps  of  other  constructions  have  not,  particularly  iu 
hilly  countries,  where  the  large  volume  of  a  natural  aa  aterfall  might 
be  rendered  available.  In  the  theoretical  considerations  on  the 
action  of  his  instrument,  which  immediately  follow  the  above,  it  is 
noticed  that  it  is  simply  the  reverse  of  the  trompe,  with  this  addi- 
tion, that  the  supply  of  air  is  limited,  while  that  in  the  trompe  is 
unhmited. 

If  in  the  face  of  these  facts,  which  are  open  to  all,  anv  one  attri- 
butes to  me,  as  I  must  conclude  from  Dr.  Sprengel's  letter,  a  share 
in  his  discovery,  I  can  regret  this  only  all  the  more  keenly,  as  in 
my  treatise  on  the  new  method  of  filtration  I  could  not  possibly 
have  expressed  myself  A\ith  regard  to  Dr.  Sprengel's  claims  more 
loyally  and  precisely  than  I  have  done.  There  1  have  stated  ex- 
pressly that  I  have  constructed  the  pump,  used  for  filt  rations  and 
described  by  me  in  detail,  after  the  principle  of  Sprengel's  mercury 
air-pump.  It  was  the  only  apparatus  of  the  kiiul  \\  hich  Dr.  Sprengel 
described,  consequently  the  one  to  which  alone  I  could  refer. 

Heidelberg,  November  5,  1872.  (Signed)     E.  BrxSEiJ-.] 


Expressing  my  best  thanks  to  Professor  Bunsen  for  the  above 
statement,  I  beg  to  add  that  since  1860  I  have  been  using  for  labo- 
ratory purposes  a  water-trompe,  as  described  by  me  iu  Poggendorff's 
Annalen  for  1861  (vol.  cxii.),  which  (by  reversing  the  action)  led 
me  in  1863  to  the  new  method  of  air-rarefaction.  AVater  \\as  the 
first  liquid  which  I  used  in  my  llrst  pump,  constructed  during  the 

*  Translated  from  Ann.  Chem.  Pharm.  vol.  clxv.  p.  159,  bv  II.  Sprengel, 
authorized  bj'  Professor  Bunsen. 
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summer  of  1863.  But  the  fallacies  arising  from  the  tension  of 
aqueous  vapour  and  from  the  air  absorbed  in  \yater,  as  well  as  the 
inconvenience  of  having  to  provide  for  the  requisite  fall,  caused  me 
to  discontinue  the  use  of  water,  and  to  substitute  in  its  stead  mer- 
cury as  the  most  suitable  liquid  for  establishing  the  truth,  which  I 
had  recognized  by  means  of  a  water  air-pump  -s^ith  an  insufficient 
fall.  My  paper  of  1865  was  written  ^ith  reference  to  all  liquids  ; 
in  fact  on  p.  15  (rendered  prominent  by  italics)  I  suramed  up 
thus : — 

"  The  main  fact  wliich  I  have  established  in  this  paper  may  be 
shortly  stated  to  be,  tlmt  if  a  liquid  he  alloiced  to  rundown  a  tube,  to 
tJie  iijijier  part  of  zvhich  a  receiver  is  attached  hij  means  of  a  lateral 
tube,  and  if  the  height  at  ivhich  the  receiver  is  attached  be  not  less  than 
that  of  the  column  of  the  liquid  ivhich  can  be  supported  by  the  atmo- 
spheric pressure,  a  vacuum  will  be  formed  in  the  receiver,  minus  the 
tension  of  the  liquid  cmploijedP 

I  regret  that  the  obviousness  of  the  matter  led  me  to  refrain 
from  expressing  myself  in  a  more  detailed  manner,  believing,  as  I 
stiU  believe,  that  what  I  wrote  sufficiently  described  the  construc- 
tion of  the  water  air-pump. 

In  conclusion,  Mr.  Johnson's  aspirator  *  for  establisliing  a  current 
of  air  ought  to  be  mentioned  here.  It  was  recognized  by  Professor 
Hofmannt  to  act  on  the  principle  of  the  trompe,  and,  of  course, 
might  have  served  as  an  air-pump,  had  it  been  noticed  at  the  time 
that  the  instrument  would  furnish  the  means  of  creating  a  vacuum. 
And  I  may  also  draw  attention  to  the  tube  J  of  a  vacuum-pan, 
through  wliich  the  water  is  made  to  escape,  which  has  served  to 
condense  the  steam  of  the  boiliug  liquid.  This  no  doubt  would  in 
like  manner  have  served  as  a  complete  water  air-pump ;  but  it  does 
not  appear  that  its  use  as  such  ^^■as  discovered. 

London,  January  22,  1873. 


REPORT  ox  THE  RESEARCHES  OF  M.  ARN.  TIIENARD  COXCERNIXG 
THE  ACTIONS  Ol'  ELECTRIC  DISCHARGES  UPON  GASES  AND 
VAPOURS.       BY  EDM.  BECQUEREL. 

The  ])iiblicalions  of  M.  Ariiould  Thenard  which  tlie  Academy 
commissioned  us  to  examine,  have  reference  to  Die  decomposition 
effects  i)n>diiced  Ijy  electric  discharges  on  gases  and  vapours,  espe- 
cially carbonic  acid. 

The  efft'cts  due  to  the  action  of  the  (>leclnc  s])ark  on  compound 
gases  are  very  complex ;  for  if,  on  the  inw.  liand,  decomposition 
inav  tak(;  place,  on  the  other  llii;  separated  elements,  if  they  re- 
main gaseous,  tend  to  reconstitute  the  primitive  compound.     The 

•  Q>'artcily  Jouriiiil  of  ihe  Chemical  Society,  vol.  iv.  p.  lSf)(18r)2). 
•t     I'idc  the  same  paper. 

+  KlcmciitH  of  Pln>ic8,  by  Neil  .\rnott,  M.D.  Longmans.  3ril  edition. 
London,  lH2y. 
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filial  result,  therefore,  after  an  action  of  a  certain  duration,  must 
diUer  according  to  whether  one  of  the  elements  separated  is  solid, 
liquid,  or  gaseous  at  the  siu'rounding  temperature,  and  must  depend 
on  the  more  or  less  elevated  temperature  produced  by  the  passage  of 
the  spark,  as  well  as  the  recompositious  which  may  be  effected  in 
the  vicinity  of  the  latter.  M.  Thenard  placed  himself  in  conditions 
such  that  the  calorific  action  extended  only  the  least  distance 
possible  around  the  electrified  points.  Instead  of  sparks  bursting 
forth  in  a  eudiometric  tube,  he  made  use  of  the  electrical  efiluvium 
— that  is  to  say,  more  or  less  obsciu'e  discharges  produced  from 
place  to  place  among  the  gaseous  particles  themselves.  For  this 
purpose  he  had  recourse  to  the  simple  and  ingenious  arrangement 
of  apparatus  devised  by  M.  Houzeau  for  the  production  of  ozone, 
as  the  conditions  necessary  to  that  allotropic  transformation  of 
oxygen  appeared  similar  to  those  which  he  proposed  to  utilize. 
This  arrangement  permitted  him,  besides,  to  submit  to  the  electric 
influence  successively  and  in  distinct  portions  any  volumes  what- 
ever of  gas  or  vapour. 

Several  important  additions  to  and  modifications  of  this  mode  of 
experimentation  have  been  made  by  M.  Amould  Thenard,  and  very 
carefully  studied  for  the  purpose  of  ascertaining  the  most  favour- 
able conditions  for  the  production  of  ozone  as  well  as  for  the  de- 
composition of  carbonic  acid.  His  observations  led  him  to  perceive 
that  it  is  preferable  to  produce  the  electric  efiluAium  between 
smooth  surfaces  of  glass  instead  of!  between  metallic  conduc- 
tors. He  likewise  saw  that  the  action  of  electricity  disaggre- 
gates glass  at  its  surface,  covering  it  with  a  fine  powder  which  ends 
by  transforming  little  by  little  the  effluvium  into  sparks — that  is  to 
say,  gives  to  the  discharge  a  form  which  not  only  does  not  produce 
the  effects  of  the  efflu\ium,  but  may  even  destroy  them.  By  re- 
moving this  powder  the  efficacious  action  of  the  "smooth  tubes  is 
reestabUshed.  In  certain  circumstances  which  he  indicates,  elec- 
trochemical deposits  iu  the  tubes  may  give  rise  to  the  same  effects. 

His  researches  relate  particularly  to  carbonic  acid,  the  partial  de- 
composition of  which  has,  from  the  end  of  the  last  century,  been 
the  subject  of  several  investigations  on  account  of  the  action  of  the 
spark  upon  this  gas  being  opposite  to  its  action  upon  a  mLxture  of 
carbonic  oxide  and  oxygen,  the  two  latter  gases  being  capable  of 
recoustitutmg  carbonic  acid  iji  a  eudiometer.  He  has  ascertained 
that,  Mith  a  very  gentle  current  of  carbonic  acid  circulating  in  the 
special  apparatus  he  makes  use  of,  decomposition  into  carbonic 
oxide  and  oxygen  may  reach  26*5  per  cent,  of  its  volume ;  while, 
as  De  8aussure  observed,  if  we  operate  by  means  of  sparks,  it  does 
not  exceed  7*5  per  cent. 

He  likewise  shows  that  the  preceduig  mixtures,  containing  as 
much  as  2G-o  per  cent,  of  decomposed  carbonic  acid,  revert  in  the 
gaseous  state  to  7-5  per  cent,  in  the  eudiometer — the  greatest  ele- 
vation of  temperature  due  to  the  sparks  in  the  latter  experimental 
conditions  doubtless  not  renderuig  possible,  as  sho\Mi  by  M.  Ber- 
thelot's  esperiments,  an  explosive  mixture  of  carbonic  oiide  and 
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oxygen  in  greater  proportions  than  these.  We  will  mention  also 
that  the  oxygen  proceeding  from  the  decomposition  of  carbonic 
acid  in  the  apparatus  in  question  was  sensibly  ozonized.  It  must 
be  remarked  that  the  decomposition  of  carbonic  acid  by  electricity 
in  these  circumstances  is  effected  at  apparently  a  veiy  low  tempe- 
rature, and  that  this  seems  to  be  the  first  time  that  an  approxima- 
tion has  been  made  to  conditions  analogous  to  those  of  the  decom- 
position of  that  gas  by  green  lea>'es  under  the  influence  of  the  light 
of  the  sun. 

It  would  be  desii-able  that  these  new  experiments,  Avhich  have 
been  made  with  much  care,  and  tlie  principal  results  of  wliich  we, 
hare  been  able  to  verify,  should  be  extended  to  other  gases  and 
A'apours — the  electric  intensities  being  varied  between  wider  limits, 
as  weU  as  the  surrounding  temperature  and  the  velocity  of  the 
gaseous  currents. 

Physico-chemical  researches  directed  to  the  modifications  caused 
by  electricity  in  simple  substances  and  in  compounds  present  great 
scientific  interest ;  for  they  may  elucidate  the  question,  still  so  ob- 
scure, of  the  allotropy  of  simple  bodies,  and  may  lead  to  the  expla- 
nation of  the  decomposition  undergone  by  certain  compounds  in  the 
■organism. — Conijptes^  liendus  de  VAcad.  des  Sciences,  vol.  Ixxv.  pp. 
1735-1737. 


GREAT  KAROMETRIC  DEPRESSION  OF  JANUARY. 

On  the  10th  of  January,  lb73,  a  fall  of  the  barometer  of  no  or- 
dinary magnitude  set  in  at  several  stations  in  the  north-west  of 
Europe.  This  fall  became  more  general  on  the  17th,  \\as  fully 
established,  except  at  Biarritz,  on  the  18th,  and  continued  ^ith  such 
rapidity  that  at  sixteen  stations  tlie  fall  exceeded  1  inch  of  mercury 
between  8  a.m.  of  the  1 8th  and  8  a.m.  of  the  1 9th.  In  the  evening 
of  this  day  a  violent  gale  from  the  south-west  accompanied  this  rapid 
fall.  Except  at  a  few  si  at  ions  in  France,  the  mininum)  residing  ( beU)W 
20  inches)  occurred  on  llie  2(t(h.  The  following  readings  at  Thurso, 
in  the  north  of  Scotland,  will  show  the  extent  of  the  entire  fall  ; 
while  those  at  'I'oulun  will  indicate  the  extensive  area  cner  which 
the  fall  occurred. 

Toulon. 
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'J'Ik!  corresponding  portion  of  the  great  fall  occurred  a  day  later 
at  Toulon  than  at  Thureo,  as  bHowu  by  the  asterisks. 
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It  Is  noteworthy  that  in  1872  a  somewhat  similar  depression  oc- 
curred on  January  1  7-18.  The  recorded  minima  were  as  follows  : — ■ 
Kew,  28-90  ;  Talmouth,  28-75  ;  Valencia,  28-50  ;  Aberdeen,  28-09  ; 
Glasgow,  28-08;  Stonvhurst,  28-07;  Armagh,  28-OG.  In  1871  a 
similar  depression  occurred  on  January  15-16,  the  minima  being  as 
follows: — Kew,  28-878;  Falmouth,  28-769;  Stonyhurst,  28-592; 
Aberdeen,  28--411 ;  Glasgow,  28-313 ;  Valencia,  28-198;  Armagh, 
28-176.  In  1870  a  depression  occurred  on  January  14,  minima  as 
follows  :— Kew,  29--10  ;  Falmouth,  29-30  ;  Valencia,  29-15  ;  Aber- 
deen, 29-00  ;  Glasgow,  28-85  ;  Stonyhurst,  28-80  ;  Armagh,  28-75. 
In  1869  a  depression  occurred  on  January  14—15,  minima  as  fol- 
lows : — Kew,  29-55  ;  Aberdeen,  29-50  ;  Glasgow,  29-25  ;  Falmouth, 
29-15;  Armagh,  29-05;  Stonyhurst,  29-05;  A'alencia,  28-85. 
These  depressions  taldng  place  so  nearly  at  the  same  epoch  in  five 
consecutive  years,  appear  to  indicate  that  about  this  time  in  January 
there  is  a  tendency  to  a  great  reduction  of  pressure  over  AVestem 
Europe. 

The  above  may  be  interesting  at  the  present  time,  especially  as 
the  last  great  depression  is  so  recent. 

January  24,  1873.  W.  E.  BiRT. 


OX  THE  THERMAL  EFFECTS  OF  MAGNETIZATION.       BY  J.  MOUTIER. 

The  expeiiments  of  MM.  Jamin  and  Eoger  have  sho"wn  that 
the  intermittent  passage  of  a  current  in  the  •wire  of  an  electromag- 
net produces  heat :  heat  is  developed  at  the  interruption  of  the 
circuit ;  it  is  due  to  the  vanishing  of  the  temporary  magnetism  of 
the  electromagnet.  M.  Cazin  has  lately  announced*,  after  new 
experiments,  that  the  heat  thus  produced  is  proportional  to  the 
square  of  the  intensittj  of  the  rnaf/netism  and  to  the  j)olar  distance.  I 
have  sought  to  account  for  this  simple  law  by  theoretical  consider- 
ations. 

M.  Clausius+  has  demonstrated  the  folloviing  theorem  relative 
to  the  stationary  motion  of  a  system  of  points — that  is  to  say,  a 
motion  in  \^■hich  the  position  and  the  velocity  of  each  point  do  not 
continually  change  in  one  and  the  same  direction,  but  remain  com- 
prised ^^■ithin  certain  limits : — The  mean  vis  viva  of  the  aijstem  is 
eqval  to  its  virial.  The  virial,  which  in  questions  of  mechanics  plays 
a  part  analogous  to  that  of  the  potential,  is,  as  is  kno\m,  half  the 
sum  of  the  products  obtained  by  multiplying  the  distance  between 
any  two  points  of  the  system  by  the  force  which  acts  between  those 
two  points. 

This  theorem  conducts  to  peculiar  consequences  in  the  case  of 
magnetization.  Let  us  consider  a  lengthened  bar  of  soft  iron,  and 
suppose  magnetism  developed  by  placing  the  bar  in  the  centre  of 
a  cod  A^hich  is  traversed  by  a  current. 


*  Comptes  Rendus  de  VAcad.  des  Sciences,  vol.  Ixxv,  ]>.  12(io. 
t  Comptes  Rendus,  vol.  Ixx.  p.  1314 ;  Phil.  Mao-.  S.  4.  vol.  x 


I.  p.  122. 
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This  maguet  may  be  regarded  as  consisting  of  an  infinity  of  mag- 
netic elements  of  constant  and  infinitely  little  thickness.  The 
quantity  of  magnetism  Y  developed  iii  each  of  the  elements  varies 
with  its  distance  x  from  one  of  the  extremities  of  the  bar,  and  may 
be  represented  by  Y=^(.r). 

The  quantity  of  free  magnetism  upon  the  element  dx  of  the  bar 
is  the  difference  of  the  values  of  T  at  the  points  T>-hich  have  for 
abscissae  x  and  x+dx;  so  that  the  quantity  of  free  magnetism  at 
the  point  situated  at  the  distance  x  fi'om  the  extremity  of  the  bar 

is  ?/=  -—  =^'(.r).     The  quantity  of  free  magnetism  in  one  point 

is  therefore  proportional  to  the  quantity  of  magnetism  of  the  bar. 

Supposing  the  bar  composed  of  two  symmetrical  parts,  let  U8 
consider  one  of  them  in  particular.  Starting  from  the  extremity, 
the  free  magnetism  diminishes  till  at  a  certain  distance  A  it  becomes 
sensibly  nil ;  beyond,  the  function  (p  retains  a  sensibly  constant  value 

The  pole  of  this  portion  of  the  bar  is  the  centre  of  a  system  of 
parallel  forces  proportional  to  the  quantities  of  free  magnetism  ; 
the  distance  x  from  the  pole  to  the  extremity  of  the  bar  is  deter- 
mined by  the  theorem  of  the  moments, 

X  \    ydx-=.  y    xijdx. 
0  "   *^o 

If  we  suppose  the  bar  sufficiently  long,  so  Ihat  the  magnetism 
developed  at  the  extremity  may  be  neglected,  we  find  easily 

A. 

X./;(X)=X<^(X)-  f  ii>{x)dx. 
'  0 

The  magnetizing  has  given  rise  to  attractive  forces  between  the 
several  magnetic  elements,  or,  accorduig  to  Ampere's  theory,  be- 
tween the  parallel  currents  circulating  in  the  solenoid  formed  by 
the  magnet.  The  element  whose  abscissa  is  x  is  solicited  by  forces 
exerted  by  the  elements  around  it,  forces  proportional  to  the  (|iian- 
tities  of  magnetism  of  the  acting  elements,  and  oL'  whicli  tlie  in- 
tensity rapidly  d<M'reases  in  pro])ortion  as  the  distance  augments. 

The  incrcnuMit  of  the  virial,  relative  to  tlu;  point  under  consi- 
deration, \\liii'h  results  from  the  magnetizing  may  be  represented  by 
^(}){x), — /t  denoting  a  function  of  the  distance,  being  at  tlie  same 
time  proportional  to  the  quantity  of  magnetism  developed  in  the 
bar,  and  consequently  to  the  free  magnetism.  ]Jesid(>s,  (p(x)  is  a 
function  proportional  to  the  quantity  of  free  magnetism  of  the  bar; 
conse(|uent]y  every  term  //^(•'•)  of  the  virial  is  proportional  to  tho 
square  of  that  quantity. 

Designating  by  /  lialf  thelenglli  of  the  bar,  tlie  increjuent  of  the 
virial  which  results  from  tho  magnetizing  is,  for  tho  half  of  the  bar, 
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Eemarking  that  ^(.r)  preserves  the  constant  value  ^(X)  in  the  in- 
terval from  I  to  A,  and  also  taking  account  of  the  equation  ^vhich 
determines  the  position  of  the  pole,  we  find,  lastly, 

I 

The  increase  of  vis  viva  produced  in  the  bar  by  the  effect  of  the 
magnetizing  is  therefore  proportional  to  the  square  of  the  intensity 
of  the  magnetism  and  to  the  polar  distance.  The  effect  of  demag- 
netizing corresponds  to  an  equal  loss  of  vis  viva — which  is  the 
measure  of  the  thermal  effect  produced,  if  that  effect  is  the  only 
one  which  accompanies  the  demagnetization. — Comj)tes  Rendus  de 
I'Acad.  des  Sciences,  vol.  Ixxv.  pp.  1619-1621. 


ENCKE  S  COMET. 

Appendix  II.  of  the  '"Washington  Observations'  for  1870  con- 
tains a  very  interesting  report  by  Professors  Hall  and  Hark- 
uess  on  observations  of  Encke's  comet  during  its  return  in  1871. 
The  report  of  Professor  Hall  is  confined  almost  exclusively  to  the 
micrometrical  observations  for  position  made  -nith  the  filar  micro- 
meter of  the  9|-inch  equatorial  of  the  Xaval  Observatory.  In  the 
closing  poi'tion  Professor  Hall  describes  the  appearances  of  the 
comet  from  the  evening  it  was  found,  October  11,  to  December  7. 
The  report  is  accompanied  by  four  exquisite  engravings,  represent- 
ing the  comet  as  seen  on  October  17,  November  17,  December  1, 
and  December  2.  A  note  is  added  on  the  general  fact  of  a  con- 
densation of  the  matter  of  the  comet  and  formation  of  a  nucleus 
as  it  approaches  to,  and  an  expansion  of  the  matter  and  a  disap- 
pearance of  the  nucleus  as  it  recedes  from,  the  sun. 

Professor  Ilarkness  enters  elaborately  into  the  spectroscopic  ob- 
servations of  the  comet,  and  describes  the  instruments  employed. 
The  spectrum  consisted  of  three  bright  bands  of  the  follo^^TUg 
wave-lengths  :  549-5,  510-6,  and  455.  By  a  process  of  iutei-pola- 
tion,  Professor  Harkness  finds  that  the  wave-lengths  of  comet  II. 
1868,  observed  by  Dr.  Huggins,  are  so  nearly  identical  \A-ith  the 
above  as  to  lead  to  the  conclusion  that  the  physical  constitutions  of 
the  t\^o  comets  are  identical,  and  that  both  are  composed  of  incan- 
descent carbon  in  a  gaseous  state. 

The  investigation  of  tlie  density  of  the  supposed  resisting'medium 
in  space  is  exceedingly  interesting.  Professor  Harkness  deduces 
the  density  in  terms  of  the  lieiglit  in  inches  of  the  column  of  mer- 
cury which  it  will  support,  and  finds  that  it  is  somewhere  between 
220  285 

io"  ^^^  10^°^  ^"  "^^^'  ^'^^^^  ^^  "  enormously  greater  than  that  of 

the  atmosphere  at  the  upper  limit  of  auroras."    Hence  the  proba- 
bility that  aiu-oras  are  propagated  in  a  medium  which  pervades  all 
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space,  and  that  the  spectrum  of  the  aurora  is  in  reality  the  spec- 
trum of  that  medium. 

Professor  Harkness  calls  attention  to  the  continual  increase  in 
the  wave-length  of  the  light  emitted  by  the  brightest  part  of  the 
second  band  of  the  spectrum  as  a  phenomenon  hitherto  unobserved. 
He  refers  it  to  an  increase  of  the  temperature  of  the  comet  as  it 
approached  the  sun. 


ON  THE  INTENSITY  OF  SOUND  AND  LIGHT. 

To  the  Editors  of  tin  Philosophical  Marjazim  ami  Journal. 

Gextlemex, 

Glenville,  Fermoy,  Jan.  6,  1873. 

The  subject  of  Mr.  Moons  paper  (Phil.  Mag.  vol.  xlv.  p.  38) 
deserves  consideration  phijsically  as  well  as  mathematically.  The 
formula  for  the  intensity  must  necessarily  embrace  two  factors,  x\i. 
one  representing  the  number  of  waves  (of  a  given  leugth),  and  the 
other  giving  the  amplitu/le  of  the  vibration  of  the  particle  of  aether 
under  consideration  in  each  particular  wave. 

In  regard  to  the  former,  the  Astronomer  Eoyal's  assumption  as 
to  intensity  of  light  from  two  candles  (supposed  perfectly  alike)  is 
obviously  legitiuiate  ;  at  the  same  time  1  conceive  (Mr.  Moon's 
view)  that  the  "amplitude  of  the  vibration''  {not  its  square)  truly 
represents  the  other  factor  of  the  intensity  formula. 

This  point  can  be  easily  tested  experhnentally  as  regards  sound. 
Thus  a  tense  string  with  amplitude  of  vibration  =1  ought  to  be- 
come inaudible  at  twice  the  distance  at  which  it  ceases  to  be  heard 
with  amplitude  =0-70715,  if  the  simple  power  of  the  amphtude 
(not  its  square)  be  the  correct  assumption. 

As  regards  the  mathematical  formula  for  the  displacement  of  a 

particle  of  the  £cther  in  a  wave,  viz.  y=a  sin —  (vt—,v),  I  believe  a 

A 

represents  the  distance  of  the  disturbed  jiartide  from  its  place  of 
rest  (not  necessarilif,  therefore,  Ihe  '^  nui.vinunn  vibration,"  as  stated 
l)y  the  Astronomer  Jtoyal,  '  Undulatory  Theory,'  p.  7),  and  oonse- 
qucntlv  that  for  an  undulation  comprising  several  waves  of  the 
samt;  period  but  varying  amplitudes,  the  formula  should  be 

(rf  +  rt'-fa"  Ac.)  sin  — ()'/— .v),  not  rcsni  —  (vt—.r). 
\  A 

Of  course  wlien  there  are  waves  of  different  periods,  the  expres- 
sions for  each  nnduliition  (or  soriea  of  such  waves)  must  bo  kept 
distinct,  and  be  added  together  to  obtain  the  intensity. 

llKNUY  HuDsox,  M.D.,  M.Tl.E.A. 
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XX.   071  the  Optics  of  Mirage.     By  Professor  Everett,  M.^., 
D.C.L.,  Queen's  College,  Belfast^. 

I   PROPOSE  in  the  present  paper  to  investigate  some  of  the 
principles  which  govern  the  forniation  of  images  in  a  medium 
of  continuously  varying  index  of  refraction,  with  special  reference 
to  the  phenomena  of  mirage  and  atmospheric  refraction. 
I.  I  shall  first  establish  the  following  proposition  : — 
In  a  medium  in  which  the  absolute  index  of  refraction  varies 
continuously,  the  path  of  a  ray  will  in  general  be  curved;  and  its 

curvature  -  at  any  point  is  given  by  the  formula 

1  _  1  f//x  _  dlogfi 

N  denoting  distance  measured  along  the  normal  towardsthe  centre 

of  curvature,  and  therefore  -,xf  denoting  rate  of  increase  in  the 
'  rfN  ° 

direction  of  the  centre  of  curvature. 

The  simplest  j)roof  of  this  important  proposition  is  derived 
from  the  princij)le  that  fi  varies  inversely  as  v  the  velocity  of 
light. 

Draw  normal  planes  to  a  ray  at  two  consecutive  points  of  its 
path.  Then  tiie  distance  of  their  intersection  from  either  point 
will  be  p,  the  radius  of  curvature.  But  these  normal  planes  are 
tangential  to  the  wave-front  in   its  two  consecutive  positions. 

•  Communicated  by  the  Author. 
Phil.  Mag.  S.  4.  Vol.  45.  No.  299.  March  1873.         M 
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Hence  it  is  easily  shown  by  similar  triangles  that  a  very  short 
line  </N  drawn  from  either  of  the  points  towards  the  centre  of 
curvature,  is  to  the  whole  length  p  of  which  it  forms  part,  as  dv 
the  difference  of  the  velocities  of  light  at  its  two  ends  is  to  v  the 
velocity  at  either  end.     That  is, 

im__(h 
p    ~       v' 

the  negative  sign  being  used  because  the  velocity  diminishes  in 
approaching  the  centre  of  curvature.  But,  since  v  varies  in- 
versely as  /i,  we  have 

dv       dfj, 

V        p> 

Hence  the  curvature  -  is  given  by  any  one  of  the  four  following 

expressions : — 

1_       1  dv  _      </logi'_l   dp.  _d\ozP'  ,.< 

~p~~vM~~~dW~~~p.'d^         <7n~*  •     ■     ^^ 

This  proof  is  due  to  Professor  James  Thomson,  wlio  gave  it 
in  a  pap(n'  to  Section  A  at  the  recent  Meeting  of  the  British 
Association  at  Brighton. 

It  is  obvious  that  the  osculating  plane  is  the  plane  which  con- 
tains the  direction  of  most  rapid  increase  of  index  at  the  point 
considered,  and  that  it  cuts  at  right  angles  the  surface-of-equal- 
index  drawn  through  the  point. 

Cor.  1.  The  curvatures  of  different  rays  at  the  same  point  are 
directly  as  the  rates  of  increase  of  p.  in  travelhng  along  their 
respective  normals.  If  6  denote  the  angle  which  any  ray  makes 
with  the  surface-of-cqual-iudcx  at  the  point,  or  which  the  radius 
of  curvature  of  a  ray  makes  with  the  direction  of  most  rapid  in- 
crease of  index,  tlie  curvatures  will  be  directly  as  the  values  of 

cos  ^.     In  fact,  if  ,     denote  the  rate  at  which  p.  increases  in  a 
dr 

direction  normal  to  the  surfaces-of-equal- index,  we  have 

dp.  dp.  Q 
-TXr  =  -,-  cos  V. 
dN       dr  ' 

and  therefore 

i       i  dp,  dhy^p.         . 

-='-,— cos  6/ =        .cost'.       .      .      .      (B) 

p       p,  dr  dr 

Cor.  2.  When  ^  is  small,  and  is  regarded  as  a  small  quantity 
of  the  first  order,  cos  6,  l)eing  approximately  I  —  ^  ^^,  ditfers  from 
unity  by  a  small  (piantity  of  the  second  order.  Hence  cos  ^  is 
sensibly  constant  wlien  6  is  small,  and  rays  which  arc  but  slightly 
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inclined  to  the  surfaces-of-equal-index  have  sensibly  the  same 
curvature  at  the  same  point. 

II.  I  now  proceed  to  the  solution  of  the  following  problem: — 
Suppose  a  medium  in  which  the  index  //.  is  a  function  of  dis- 
tance from  «i  certain  plane  of  reference  which  is  itself  a  plane  of 
maximum  index.  It  is  clear  from  (I.)  that  rays  cutting  this 
plane  at  any  angle  except  a  right  angle  will  be  bent  back  towards 
it,  and  may,  under  proper  conditions,  meet  it  again.  Required 
the  condition  that  rays  cutting  it  at  any  small  angle  6  shall  meet 
it  again  at  a  constant  distance — that  is  to  say,  at  a  distance  sen- 
sibly independent  of  6.  This  is  obviously  the  condition  that 
rays  of  small  inclination  diverging  from  a  point  in  the  plane  of 
reference,  and  lying  in  one  and  the  same  perpendicular  plane, 
shall  converge  to  a  focus  in  the  plane  of  reference. 

Take  rectangular  axes  of  x  and  y  in  the  common  perpendicular 
plane,  the  axis  of  x  being  in  and  the  axis  of  y  perpendicular  to 
the  plane  of  reference.     Let  s  denote  distance  measured  along  a 

dx 
ray;  then  -7-  or  cos  ^  is  sensibly  equal  to  unity.     Also  to  the 

same  degree  of  approximation  we  have 

^=tan^=^, 
ax 

l__dd__de__d^  ^ 

p~      ds  ~      dx  dx^ 

The  problem  which  we  have  to  solve  has  therefore  been  reduced 

to  the  following : — find  what  function  -^  must  be  of  y  that  the 

increment  oi  x  from  y  =  0  to  the  next  occurrence  of  ?/  =  0  shall 
be  independent  of  the  maxinnim  value  of  y.  Mathematically 
considered,  this  is  precisely  the  problem  of  finding  what  law  of 
acceleration  for  a  particle  executing  vibrations  about  a  position 
of  equilibrium  will  render  the  vibrations  isochronous,  y  denoting 
the  distance  of  the  particle  at  time  x  from  the  position  of  equi- 
librium.    Its  solution  is  well  known  to  be 

^i!^  =  -.l (D) 

dx''  a"  ^^ 

a  being  a  constant;   and  the  required  law  of  index  is  therefore 
rflog/i  y 


dy 


,2* 


(E) 


The  general  equation  of  a  ray  in  the  plane  of  x,  y  will  be  the 

M  2 
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general  integral  of  (D),  uaiuely 

y  =  *sin^, (^^ 

representing  a  curve  of  sines  cutting  the  axis  of  x  at  points 
whose  distances  from  the  origin  are 

c,     c  +  ira,     c  +  ^.Tta,  . . . 

The  values  of  b  and  c  vary  from  one  ray  to  another;  but  a  is 
the  same  for  all ;  and  hence  the  distance  ira  between  two  conse- 
cutive intersections  of  a  ray  with  the  axis  of  x  is  independent  of 
the  amplitude  b.  This  constant  quantity  ira  is  evidently  the 
focal  leugth;  and  rays  of  small  inclination  diverging  in  the  plane 
X,  y  from  a  point  in  the  axis  of  x  will  converge  to  a  series  of  foci 
at  this  constant  distance  apart.  The  same  reasoning  which 
proves  that  all  small  vibrations  are  isochronous,  proves  that 
wherever  a  plane  of  maximum  index  occurs,  the  other  surfaces 
of  equal  index  in  its  neighbourhood  being  also  parallel  planes, 
rays  of  small  inclination  diverging  from  a  point  in  this  plane 
must  have  a  constant  focal  length  ;  and  it  can  be  shown  that  the 
smallness  of  the  aberration  of  rays  from  this  geometrical  focal 
length  is  es'pecially  promoted  by  symmetry  of  the  medium  about 
the  plane  of  maximum  index. 

In  fact,  if  we  suppose  log/i.  and  its  differential  coeflBcients 
with  respect  to  y  to  be  continuous,  the  assumption  that  the  sur- 
faces of  equal  index  are  parallel  planes  gives 

log^  =  A  +  By  +  C/  +  Dy^+..., 
whence 


d\oi 


^  =  B  +  2Cy  +  3D/+  . 


dy 

The  assumption  that  y  is  measured  from  a  plane  of  maximum 
index  gives 

B  =  0,     2C  negative  =  — .^  suppose. 

Hence,  when  y*  is  negligible,  we  have  approximately 

rflop/i_  _  y 

dy     ~       u^ 

whicli  is  identical  with  equation  (K).  The  further  supposition 
thai  the  medium  is  syniiiulrical  about  the  plane  from  which  y 
is  iiicatiured  mjikcs  I)  =  (),  because  no  odd  powers  of  //  can  rntir 
the  expression  for  log/i. 

ill.  The  investigation  in  (II.)  related  to  rays emauating  from 
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a  point  in  the  plane  of  maximum  index;  but  the  law  of  index 
there  deduced  involves  similar  consequences  for  rays  emanating 
from  anv  other  point;  for  the  substitution  of  x  +  Tra  for  a:  in 
equation  (F)  merely  changes  the  sign  of  y.  Hence  rays  diver- 
ging from  a  point  {x,  y)  will  converge  to  a  focus  at  the  point 
{x  +  va,  —y),  then  to  another  focus  at  the  point  {x-\-2'ira,  y), 
and  so  on. 

It  thus  appears  that  in  a  medium  in  which  the  law  (E)  pre- 
vails, every  object  will  yield  a  series  of  real  images,  alternately 
inverted  and  erect,  nra  being  their  common  distance  asunder  in 
a  direction  parallel  to  the  plane  of  maximum  index;  while,  as 
regards  distances  measured  normal  to  the  plane  of  maximum 
index,  each  image  in  the  series  corresponds  to  the  reflected 
image  of  its  predecessor  with  respect  to  this  plane.  It  is  of 
course  to  be  understood  that  the  images  are  formed  in  one  di- 
mension only,  like  those  formed  by  a  cylindrical  lens. 

I  may  remark  incidentally  that  in  a  medium  in  which  the 
surfaces-of-equal-index  are  parallel  planes,  if  one  ray  of  small 
inclination  to  these  planes  is  a  curve  of  sines,  all  rays  of  the 
same  or  less  amplitude  must  also  be  curves  of  sines;  for  equa- 
tion (D)  cannot  hold  for  one  ray  unless  (E)  holds  for  all  dis- 
tances from  the  plane  of  reference  not  exceeding  the  amplitude 
of  that  ray. 

I  may  also  remark  that  a  prism-like  or  lens-like  arrangement 
of  surfaces-of-equal-index  produces  less  deviation  in  rays  than 
an  arrangement  in  which  these  surfaces  are  approximately  pa- 
rallel to  the  course  of  the  rays.  This  is  obvious  from  equation 
(B),  which  sliows  that,  for  a  constant  rate  of  variation  of  logyct 
normally  to  the  surfaces-of-equal-index,  the  curvature  is  propor- 
tional to  cos  6. 

The  fact  that  rays  emanating  from  any  point  in  the  medium 
converge  to  a  focus,  and  that  the  focal  length  measured  parallel 
to  the  axis  of  x  has  a  constant  value,  corresponds  to  the  self- 
evident  proposition  in  cycloidal  oscillation,  that  the  time  from 
any  point  to  the  symmetrically  situated  ])oint  on  the  other  side, 
when  one  of  the  extreme  positions  is  taken  in  the  interval,  is  the 
half-period  of  oscillation. 

If,   instead  of  supposing  the    surfaces-of-equal-index  to   be 

parallel  planes,  we  suppose  /x  to  be  a  function  both  of  y  and  x^ 

d^y 
then  y-j  will  be  a  function  both  of  y  and  x,  and  the  analogous 

supposition  in  cycloidal  oscillation  is  that  of  gravity  varying 
with  time.  On  this  supposition,  it  is  clear  that  if  two  particles 
start  at  the  same  instant  with  diH'erent  velocities  from  the  lonrst 
points  of  two  equal  cycloids,  they  will  keep  time  with  eacli  otlur, 
however  great  and  sudden  the  vai  iations  of  gravity  may  be  suj)- 
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posed  to  be*,  unless  these  variations  be  such  as  to  compel  one 
of  the  particles  to  travel  beyond  the  cusp  of  its  cycloid  and  thus 
introduce  discontinuity. 

As  velocity  in  the  case  of  the  particle  corresponds  to  — -  in  the 

case  of  a  ray,  the  corresponding  inference  is  that,  in  the  medium 
now  supposed,  rays  which  proceed  from  the  same  point  in  the 
axis  of  X  at  different  inclinations  to  this  axis  will  meet  it  again 
at  the  same  distance.  Tlie  conclusion  cannot  be  extended  to 
points  above  or  below  the  axis  of  x. 

IV.  Wben  the  surfaces- of-equal-index  are  parallel  planes,  the 
deviation  of  a  ray  in  passing  from  one  of  these  surfaces  to  an- 
other can  be  expressed  in  terms  of  the  angle  of  incidence  at  the 
first  surface  and  the  relative  index  from  the  first  surface  to  the 
]ast — being  entirely  independent  of  the  distance  between  the  two 
surfaces,  and  of  the  character  of  the  intervening  layers. 

For,  since  the  axis  of  y  is  perpendicular  to  the  plaues-of-equal- 
index,  equation  (B)  becomes 

-  = f  —  cos  0. 

p  f^y 

Hence 

(16= = -T-cos6't/logu=-.~^  </log/A,     .     (G) 

p        ay  ~         Sin  o 

or 

rflogtt=        ~7^-  =  —  f/logcos  ty. 
°  '^       cos  V 

Integrating  from  /ij,  6^  at  the  first  surface  to  /x,,  6^  at  the  last, 
we  have 

f^i^COi^^ ^^j^ 

/ij  cos  0q 

When  the  change  of  index  is  abrupt,  this  <quation  amounts  to 
a  statement  of  the  "  law  of  sines;"  for  cos  ^,  is  the  sine  of  the 
angle  of  incidence,  cos  B,^  is  the  sine  of  the  angle  of  refraction, 

and  —   is  the  relative  index  from   the  first   medium  into  tlie 

second.  Instead  of  integrating  between  limits,  we  might  have 
deduced  the  general  integral 

/icos  d=  constant, 

wliich  a])plies  to  the  whole  course  of  the  ray. 

*  For  Kucli  <-liiiii|r(s  will  not  «listiirl)  the  e(|Uiililies,  Ualio  (if  ii< ceknitioiis 
=  Ratio  of  velocities  =  Kiitio  of  distuntcs  from  vertex  =  Constant. 
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V.  Putting  6.^  =  0  in  equation  (II),  we  liave 

Hence  a  ray  entering  at  any  angle  9y  to  the  parallel  planes-of- 
equal-index  will  become  parallel  to  these  planes  when  it  has 
penetrated  as  far  as  the  plane  in  which 

u.  =  fjb^co%dy (K) 

It  will  then  be  bent  back  symmetrically,  and  will  emerge  again 
from  the  plane  at  which  it  entered,  making  the  angle  of  emer- 
gence equal  to  the  angle  of  incidence.  This  result  can  only 
occur  when  the  original  course  of  the  ray  is  fi'om  greater  index 
to  less. 

\Yhen  there  are  two  regions  of  constant  indices  /ij,  /Xg  (//.j 
being  the  greater)  separated  by  a  region  in  which  fx  diminishes 
continuously  from  //-,  to  jx^  (the  surfaces-of-equal-index  being 
parallel  planes),  a  ray  entering  this  intermediate  region  from  the 
side  where  /x  is  greatest  will   be  able  to  get  through  if  cos  ^,  is 

less  than  — .     But  if  cos  0,  is  greater  than  — ,  there  will  be    a 

.      ^1  .  ...  .       ^»       .       , 

plane  in  the  intermediate  region  in  which  equation  (K)  will  be 

satisfied,  and  the  ray  will  be  returned  from  this  plane.     When 

the  change  of  index  is  abrupt,  the  above  statement  resolves  itself 

into  the  usual  formula  for  the  "  critical  angle  "  of  total  reflection, 

VI.  Thus  far  we  have  been  supposing  the  surfaces-of-equal- 
index  to  be  ])lane.  If  we  now  suppose  them  to  be  horizontal 
surfaces  parallel  to  the  general  surface  of  the  earth,  it  will  be 
necessary  to  modify  the  conditions  of  (11.)  by  making  the  axis 
of  a;  not  a  straight  but  a  horizontal  line,  which,  if  we  regard  the 
earth  as  a  sphere,  will  be  a  circular  arc  described  about  the 
earth's  centre;  while  the  ordinatcs  denoted  by  y  will  not  be 
parallel  to  any  one  line,  but  will  be  vertical,  and  will  therefore 
be  everywhere  perpendicular  to  the  axis  of  x. 

Putting  R  for  the  earth's  radius,  equations  (C)  will  now  stand 
thus : — 

^^tan^::.^, 

p~  K       ds  ~  li       dx~  11      <&"«  ' 

1  .i-        r      1  -i         1  </l()g/U.  , 

whence,  puttmg  tor  -  its  value  —    -  ,    -,  we  have 
P  dy 

dhj  _  1        f/log/Lfc 
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To  obtain  the  convergence  which  the  problem  requires,  we  must 
have 

for  the  general  equation  of  the  curved  path  of  a  ray  will  then  have 
the  same  form  as  before,  namely 

y  =  b  sm^;        (F) 

and  it  is  upon  this  form  that  the  convergence  which  the  problem 
requires  alone  depends.  For  the  same  reason,  the  consequences 
deduced  in  (HI.)  will  remain  completely  applicable. 

Equation  (D)  now  denotes  the  curve  obtained  by  making 
equal  algebraic  additions  to  the  curvatures  at  all  points  of  a 
curve  of  sines,  or  by  bending  uniformly  a  rectangular  rod  in  the 
plane  of  one  of  its  faces  which  has  a  curve  of  sines  drawn  upon  it. 

The  required  law  of  variation  of  index  is 

dhgfM  __  y  _  1  ^ 
dy  a^       B 

At  the  point  where  a  ray  cuts  the  axis  of  a:  we  have 

d\ogfi_       1 
dy     ~  ~  TT ' 

The  axis  of  x,  therefore,  does  not  lie  in  the  surface  of  maximum 
index,  but  in  that  surface-of-equal-index  which  possesses  the 
property  that  rays  cutting  it  at  a  small  inclination  have,  at  the 
points  of  section,  a  curvature  equal  to  that  of  the  earth.  la 
consequence  of  this  property,  rays  can  travel  for  any  distance 
along  that  surface-of-cqual-index  which  contains  the  axis  oi  x; 
whereas  rays  above  it  have  greater  curvature  and  bend  down  to 
meet  it,  while  on  the  other  hand  rays  below  it  are  less  curved 
(or  may  oven  be  curved  in  the  oi)j)ositc  direction),  and  it  accord- 
ingly bends  down  to  meet  them. 

To  find  tlie  level  of  no  curvature,  or  of  maximum  index,  we 

d  ]o<s  ti     r^  .         ,  .  ,      . 

must  put  —  ^^2_c-  =  o,  an  equation  which  gives 

a" 

The  depth  of  the  surface  of  maximum  index  below  the  axis  of  a; 
is  therefore  a  tliird  ])roportioiial  to  the  earth's  radius  and  the 
parameter  a.  Kays  al)ove  this  level  are  curved  in  the  same  di- 
rection as  the  earth  ;   those  below  it  are  curved  in  the  opjjosite 

direction.     The  value  of       is  about  five  feet  when  the  value  of 
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a  is  about  two  miles,  or  when  the  focal  length  ira  is  about  six 
miles. 

VII.  We  now  proceed  to  the  consideration  of  the  physical 
circumstances  on  which  the  variation  of  index  in  the  atmosphere 
depends. 

The  experiments  of  Biot  and  Arago  have  shown  that,  for  varia- 
tions of  density  due  either  to  change  of  temperature  or  change 
of  pressure,  fi  —  \  varies  directly  as  the  density  ;  and  it  further 
appears  from  the  experiments  of  Jam  in,  that  at  ordinary  ten)pe- 
ratures  the  value  of  ti—\  is  sensibly  the  same  for  dry  as  for 
saturated  air  at  the  same  density.  If  a  denote  the  coefficient  of 
expansion  '00366  or  ;yl^,  and  h  the  pressure  expressed  in  milli- 
metres of  mercury,  the  formula  for  yu,  — 1  is 

_  -0002943    Ji_ 
^  l  +  «/     '760^ 

and  this  may  also  be  regarded  as  the  value  of  log/x,  since  the 
difference  K/a— 1)^— &c.  is  too  small  to  be  appreciable.    Hence, 

for  horizontal  or  nearly  horizontal  rays,  the  curvature  -  or  —■ — i^ 

p  dy 

at  any  point  is 

1  _  -0002943 [      dh       1  d_t       ha 

p~      760        L      dij  l^at  ^  dy  [l  +  ut)'^ 

But  —J-,  being  the  fall  of  the  barometric  column  per  unit  of 

ascent,  is  equal  to  yt,  where  H  denotes  the  height  of  the  homo- 
geneous atmosphere,  which  height,  if  we  neglect  variations  of 
gravity,  is  26200(1+ a/)  feet.  We  have  therefore,  if  we  make 
the  foot  the  unit  of  measurement  for  y  and  p, 

-  =  -0002943  .  4n  '  77^2  {iJT^nn  +  o-"^  T^l 
p  760    [l  +  ctty   L26200      2/3  dy  J 


P 

1  h  1 


{--:)• 


89000000    760    (l  +  a/)^   L  dy 

This  expression  vanishes  when  -r-'=  —  -^.    Hence,  when  the 

dy  90 

diminution  of  temperature  per  foot  of  ascent  is  j}^^  of  a  degree 

Centigrade,  the  density  of  the  air  is  iiniform  and  rays  are  straight. 

When  the  decrease  of  temperature  upwards  is  more  ra))id  tlian 

this,  the  upper  air  is  the  denser,  and  rays  are  bent  upwards,  in 

other  words,  their  curvature  is  opposite  to  that  of  the  earth. 
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The  rate  of  decrease  usually  assumed  as  an  average  is  ^^q  of 
a  degree  Fahrenheit,  or  j^\q  of  a  degree  Cent,  per  foot.  This 
will  give,  at  0^  C.  and  760  millims., 

p       89000000   L        540 J' 
whence  p  =  108000000  feet,  or  5-2  radii  of  the  earth. 

At  10°  C,  760  millims.,  and  the  same  rate  of  decrease  as 
above,  p  is  equal  to  about  5-6  radii  of  the  earth,  and  the  correc- 
tion for  refraction  in  levelling  is  therefore  J—  of  the  correction 

5  6 

for  the  curvature  of  the  earth.  Rankine  (Rules  and  Tables, 
p.  131)  says,  "The  correction  for  refraction  to  be  added  to  the 
reading  is  very  variable  and  uncertain.  On  an  average,  it  may 
be  taken  at  one  sixth  of  the  correction  for  curvature.^' 

In  order  that  the  curvature  of  a  ray  may  be  the  same  as  that 

of  the  earth  at  0^  C.  and  7G0  millims.,  the  expression  1  +96  -— 

must  be  equal  to  89000000  feet  divided  by  the  earth's  radius — 
that  is,  to  about  •4"26.    We  shall  therefore  have 

dt_ 
dy  '' 

that  is,  the  temperature  must  increase  at  the  rate  of  1°  C.  for 
29'4  feet  of  ascent,  or  1°  F.  for  16'3  feet.  Any  portion  of  the 
earth  with  such  a  state  of  things  prevailing  over  it  will  appear 
j)lane,  distant  objects  being  no  longer  hidden  by  the  intervening 
convexity.  A  still  more  rapid  increase  will  make  the  surface  of 
the  earth  appear  concave. 

VIII.  I  shall  now  take  up  in  detail  the  principal  phenomena 
of  mirage,  and  indicate  what  I  conceive  to  be  their  correct  ex- 
planations. 

1.  An  unusual  extension  of  the  range  of  vision,  like  that  de- 
scribed by  Latham  in  the  riiilosopliical  Transactions  for  1798, 
when  the  coast  of  Fiance  from  Calais  to  the  neighbourhood  of 
Dieppe  was  clearly  visible  from  Hastings. 

Exjdanalion. — An  iucrease  of  temperature  with  ascent,  pro- 
ducing an  exaggeration  of  the  ordinary  downward  curvature  of 
rays,  as  explained  in  the  preceding  section. 

2.  Distant  objects  seen  inverted  above  their  true  positions. 
Some  instances  of  this  form  of  mirage  are  described  by  Vinee  in 
the  "  IJakerian  Lecture,"  Thil.  Trans.  1799;  many  more  arc 
described  l)y  Seoresby  from  his  observations  n\  the  Arctic  re- 
gions; and  tile  phenomenon  is  extremely  common  across  exten- 
hivc  slieets  of  calm  uater.  Usually  tw(i  images  are  seen,  namely 
an  erect  image  in  the  true  or  what  ajjpeais  to  be  the  true  posi- 
tion, and  an  inverted  image  above  it.     Sonielinies,  however,  the 
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inverted  image  is  visible  wlien  the  erect  image  is  bidden  by  the 
convexity  of  the  intervening  water. 

Explanation. — A  very  rapid  increase  of  temperature  upwards  in 
a  stratum  of  air  overhead.  The  inverted  images  are  formed  by 
rays  incident  from  below  upon  this  stratum  at  such  an  obliquity 
that  (as  explained  in  \.)  they  cannot  get  through,  but  are  com- 
pelled to  descend  again,  and  thus  undergo  a  kind  of  reliection. 
The  upward  increase  is  supposed  to  be  more  sudden  here  than 
in  (1),  and  confined  to  a  thinner  stratum. 

3.  Multiple  images  seen  above  the  true  position  of  the  object. 
Explanation. — Either  several  strata  of  rapid  upward  increase 

of  temperature,  each  of  them,  as  in  (2),  fulfilling  the  office  of  a 
mirror,  or  a  single  such  stratum  of  irregular  shape,  yielding  re- 
flections in  different  places. 

4.  An  appearance  as  of  architectural  columns,  obelisks,  spires, 
or  basaltic  cliffs.  Such  appeai'ances  are  said  to  be  common  in 
the  illusions  of  the  Fata  Morgana  at  the  Straits  of  Messina ; 
and  many  instances  are  described,  with  illustrative  plates,  in 
Scoresby's  'Greenland.'  Such  appearances  are  always  due  to 
the  vertical  magnification  of  real  objects. 

Explanation. — In  the  arrangements  of  III.  and  VI.  an  object 
at  a  short  distance  in  front  of  or  behind  a  focus  conjugate  to 
the  position  of  the  observer's  eye,  will  be  greatly  magnified  in 
the  vertical  direction,  its  vertical  diameter  being  seen  under  the 
same  angle  as  if  the  eye  were  at  this  conjugate  focus.  If  between 
the  eye  and  the  first  conjugate  focus,  it  will  appear  erect;  if  be- 
tween the  first  and  the  second  conjugate  focus,  inverted.  T 
believe  that,  when  vertical  magnification  is  exhibited  with  any 
thing  like  regularity,  an  arrangement  approximately  resembling 
that  described  in  (VI.)  prevails  in  the  body  of  air  which  lies  be- 
tween the  observer  and  the  objects  magnified. 

The  same  appearance  is  often  seen  on  laud  (small  bushes,  for 
example,  being  magnified  into  tall  trees),  and  is  to  be  similarly 
explained. 

5.  A  false  appearance  of  water  in  a  place  actually  occupied  by 
hot  and  dry  ground. 

Explanation. — An  increase  of  temperature  downwards,  within 
a  few  inches  of  the  ground,  at  a  rate  considerably  exceeding  -^-^ 
of  a  degree  Cent,  per  foot.  This  will  j)roduce  an  upward  bend- 
ing of  rays  and  n  quasi  r(;flection,  as  in  (2);  but  the  seeming 
mirror  is  now  below  the  observer's  eye  instead  of  above  it.  The 
flickering  movements  of  the  refiected  images  thus  seen,  due  to 
currents  of  hotter  and  colder  air,  greatly  resemble  the  a])])ear- 
ances  produced  by  the  rippling  of  waves  on  a  lake;  but  ])ro- 
bably  the  most  irresistible  feature  in  the  illusion  is  the  gleam  of 
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the  reflected  sky.  The  sky  itself,  and  its  reflection  in  water,  so 
far  exceed  iu  brightness  all  other  objects  in  an  ordinary  land- 
scape, that  when  tliis  gleam  is  seen  in  a  place  where  the  sky 
cannot  be,  the  observer  feels  irresistibly  compelled  to  ascribe  it 
to  water. 

IX.  In  the  transmission  of  rays  through  a  medium  of  conti- 
nuously varying  index,  no  proper  distinction  can  be  taken  between 
refraction  and  reflection.  They  shade  insensibly  into  one  an- 
other ;  or  rather,  I  should  perhaps  say,  both  names  are  equally 
inappropriate  in  this  application. 

X.  The  following  are  some  of  the  mistakes  which  have  fre- 
quently been  made  by  writers  on  mirage ; — 

1.  The  mistake  of  supposing  that  a  ray  in  air  can  be  bent  at 
an  angle — in  other  words,  can  liave  a  point  of  infinite  curvature. 
This  would  imply  an  absolutely  abrupt  change  of  index. 

2.  The  mistake  of  supposing  that  a  ray  can  pursue  a  straight 
course  parallel  to  planes  of  equal  index  in  a  continuously  vary- 
ing medium.  The  contrary  was  pointed  out  so  long  ago  as 
1799  and  1800  by  Vince  and  WoUaston  in  the  Philosophical 
Ti-ansactions,  but  appears  to  have  since  dropped  out  of  mind. 

3.  The  mistake  of  supposing  that  rays  which  first  ascend  and 
then  descend,  or  which  first  descend  and  then  ascend,  must  pro- 
duce inverted  images,  or  an  appearance  as  of  reflection.  If  all 
the  rays  of  a  system  are  circular  arcs  in  vertical  planes,  with  the 
same  radius  of  curvature,  and  everywhere  nearly  horizontal,  the 
images  which  they  present  to  the  eye  will  be  neither  inverted 
nor  distorted,  but  simply  elevated  or  depressed;  for  such  a 
system  can  be  converted  into  a  system  of  straight  rays  by  a  pro- 
cess of  bending  which  will  not  alter  their  distances  apart.  Let 
such  of  them  as  lie  in  one  vertical  ])lane  be  re])rescnted  by  a  dia- 
gram drawn  ujjon  one  face  of  a  prismatic  rod  ;  then  it"  the  rod 
be  bent  in  the  plane  of  this  face  with  a  uniform  curvature  op- 
posite to  that  of  the  lines  of  the  diagram,  all  these  lines  will 
become  straight;  and  it  is  clear  that  this  process  does  not  sen- 
sibly alter  the  distances  between  the  lines,  nor  the  angles  at 
which  tii(!y  intersect  each  other. 

Soiiu!  further  consecjuences  of  the  law  of  ray-curvature,  of 
theoretical  rather  than  jjractical  interest,  are  reserved  ("or  a  second 
paper. 


[     1^3     ] 

XXL  Correction  to  a  Paper  "  On  an  Experimental  Determina- 
tion of  the  Relation  heticeen  the  Energy  and  Apparent  Intensity 
of  Sounds  of  different  Pitch."  By  R.  H.  M.  Bosanqcet, 
Fellow  of  St.  John's  College,  Oxford*. 

IN  the  paper  above  referred  to  it  was  sought  to  establish 
directly,  by  experiment,  the  following  relation  : — "  The  ap- 
parent intensity  of  a  musical  note  is  proportional  to  the  mecha- 
nical energy  expended  in  the  production  of  the  tone,  and  in- 
versely as  the  wave-length  or  periodic  time."  At  the  end  of 
the  paper  certain  deductions  were  made  from  this  law,  with 
reference  to  the  relations  connecting  amplitude,  pitch,  and  pe- 
riodic time  witii  apparent  intensity.  The  writer  has  to  acknow- 
ledge with  rcirret  that  the  reasoning  of  this  latter  portion  is 
erroneous.  Tlie  error  does  not  seem  to  be  very  obvious,  as  no 
one  has  yet  pointed  it  out,  to  the  writer's  knowledge.  It  was 
intended  to  wait  until  some  measures  could  be  completed  by  an 
improved  method,  and  to  make  a  more  complete  communication. 
But  as  the  performance  of  this  has  been  unavoidably  delayed, 
and  the  writer  finds  the  erroneous  result  quoted  as  correct  by 
Dr.  Mayer,  in  his  interesting  paper,  Phil.  Mag.  Feb.  1873,  it  is 
desirable  that  the  mistake  should  be  corrected  at  once. 

The  error  comuiitted  was  precisely  of  the  nature  against  which 
a  warning  was  given  on  the  last  page  of  the  paper.  It  was 
assumed  that  the  energy  of  the  vibration  of  the  plate  of  air  con- 
sidered was  identical  with  the  total  energy  tx-ansferred  through 
the  plate.  The  assumption  was  simply  a  nan  sequitur.  The 
following  is  believed  to  be  correct. 

To  find  the  total  energy  of  the  sound  which  crosses  a  given 
plane  section  in  one  second,  in  terms  of  the  amplitude  and  wave- 
length. 

Let  the  sound  consist  of  a  succession  of  plane  waves  generated 
at  one  end  of  a  straight  cylindrical  tube  having  the  given  section. 
The  waves  then  traverse  the  cylinder  without  sensible  diminution 
of  intensity,  if  we  neglect  the  infiuencc  of  the  walls.  Let  the 
delivery  of  the  sound  commence  at  the  beginning  of  a  second 
and  continue  throughout  the  second,  and  suppose  that  the  con- 
dition of  the  air  in  the  tube  at  the  expiration  of  the  second  is 
photographed.  Then  the  sum  of  the  potential  and  kinetic 
energy  of  the  disturbed  air  in  the  tube,  through  a  length  equal 
to  the  velocity  of  sound  per  second,  is  the  energy  supplied  from 
the  source  in  one  second. 

First  for  the  potential  energy.  This  consists  partly  of  com- 
pressions and  partly  of  dilatations,  both  of  which  are  supplied 

*  Communicated  by  the  Author. 


174      Mr.  R.  H.  M.  Bosanquet  on  the  Relation  between  the 

from  the  source :  the  sum  of  their  absolute  numerical  values  is 
therefore  to  be  taken. 

Consider  a  disk  of  air  of  section  unity  and  thickness  dx ;  let 
this  be  compressed,  the  section  remaining  the  same,  and  its 
thickness  becoming  dx—dy.     Then  the  increment  of  pressure  is 

—  X  atmospheric  pressure  x  thermometric  and  specific-heat 
dx 

corrections.  The  atmospheric  pressure  x  corrections  for  heat 
=  v'^p;  where  v^  is  the  coefficient  of  the  equation  of  the  trans- 
mission of  sound,  and  p  the  mean  density  of  the  atmosphere. 
Hence  the  pressure  exerted  by  the  compressed  disk  over  and 

above  the  atmospheric  pressure  is  j-  .v^.p. 

As  the  compression  proceeds  through  the  small  distance  hdy, 
an  element  of  work  is  done 

and  the  sum  of  all  the  work  done  in  the  compression  from  «?y=0 
up  to  dy  =  dy  is 


C'"Jdy      2        .,         \dy^     , 


.'„    dx 

^  0 

If  we  now  assume  tliat  the  sound  in  the  tube  consists  of  a  simple 
periodic  vibration 

•    27r  ,   .      .  . 
y=a%\\\  ^—  {vt  —  x), 

A, 

we  have  for  the  work  stored  in  any  disk  dx,  at  a  distance  x  from 
the  end  of  the  tube. 

And  the  work  stored  in  all   the  di^^ks  in  a  (luartcr  wave-length, 
or,  if  y  be  average  potential  work  in  unit  of  length, 

A 

-,    X      v''p/27ra\^i'*      ,  ^tt  , 

^  •  4  =   2  ('  \  )  X  ^  (^^-^)'^^' 

A 
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And  if  we  take  vt—x  =  0  at  the  lower  limit, 

P' 


■=(^"y 


And  the  potential  work  in  the  length  v  traversed  by  the  sound 
in  one  second  =v'^py~ j  . 

This  is  expressed  in  foot-pounds;  for  v'^p  is  in  terms  of  the 
atmospheric  pressure  over  the  unit  section,  i;  is  a    number  of 

feet,  and  —  a  number. 

A. 

We  have  now  to  estimate  the  kinetic  energy  of  each  disk  of 
the  photographed  column, 
Kinetic  energy  of  disk  dx 

which  is  identically  the  same  expression  we  had  before.  We 
have  therefore  simply  to  double  the  above  result;  and  we  get 
for  the  total  energy  delivered  in  one  second. 


^^Kx)- 


If  we  apply  to  this  result  the  experimental  law,  that  the  appa- 
rent intensity  is  directly  as  the  energy  and  inversely  as  the  wave- 
length or  periodic  tinie^  we  have 


T  .   «' 

i=  const,  r-y* 


And  instead  of  the  laws  given  in  the  writer's  communication  of 
last  November,  we  have  the  following: — 

.    The  apparent  intensities  of  sounds  of  different  pitch  are  pro- 
portional to  the  squares  of  the  amplitudes,  and  inversely  as  the 


cubes  of  the  wave-lengths. 


In  sounds  of  the  same  apj)arent  intensity,  the  squares  of  the 
an)plitudes  vary  as  the  cubes  of  the  wave-lengths. 


[     176     ] 

XXII.   On  the  Effect  of  Internal  Friction  on  Resonance. 
By  J.  HoPKixsox,  D.Sc,  B.A.* 

AS  a  tj-pical  case  which  may  be  taken  as  illustrating  the 
nature  of  the  phenomena  in  more  complex  cases,  let  us 
consider  the  motion  of  a  string,  of  a  column  of  air,  or  an  elastic 
rod  vibrating  longitudinally,  one  extremity  being  fixed,  whilst 
the  other  is  acted  on  so  that  its  motion  is  expressed  by  a  simple 
harmonic  function  of  the  time. 

Let  /  be  the  length  of  the  string,  a  the  velocity  with  which  a 
wave  is  transmitted  along  it,  ^  the  displacement  of  a  point  of  the 
string  distant  x  from  the  tixed  extremity  at  the  time  t.  In  the 
hvpothetical  case,  in  which  there  is  no  friction,  no  resistance  of 
a  surrounding  medium,  and  tlie  displacements  are  indetinitely 
small,  the  equation  of  motion  is 

^-,.^ (1) 

with  the  conditions  that  at  the  extremities  |  =  0  when  ^  =  0, 
and  ^  =  A  sin  7it  when  x=l,  also  that  at  some  epoch  |  shall  be 
a  specified  function  of  a;. 

ll  we  start  with  the  string  straight  and  at  rest,  we  have  the 
condition  ^  =  0  for  all  values  of  x  from  zero  to  very  near  /  when 
t  =  0,  and  we  readily  find 

^        .    nl  a  '  I  i 

2nal 


sin  — 
a 


where  C_=(  — 1)'    ««       j   .,  j 
p      ^       '   n-r—p  IT  or 

When  —  is  very  nearly  a  multiple  of  tt  (i.  t.  when  the  note 

sounded  by  the  forcing  vibration  at  the  cxtrt-mity  is  almost  the 
same  as  one  of  the  natural  notes  of  the  string),  we  have  two  notes 
sounded  with  intensity,  viz.  one  the  same  as  the  forcing  vibra- 
tion, the  other  native  to  tlie  string.  That  this  is  the  case  may 
be  readily  seen  with  a  two-stringed  moiiochord,  tiie  strings  being 
nearlv  m  unison  :  one  string  being  sounded,  tl\e  motion  of  the 
other  is  seen  by  the  eye  to  be  intermittent,  the  period  of  varia- 
tion being  the  same  as  that  of  the  beats  of  the  two  strings 

nl 
sounded  together.     But  should  -  be  an  exact  multiple  of  tt, 

two  terms  in  the  value  of  |  become  infinite,  and  our  whole  me- 
thod of  solution  is  invalid.     A  somewhat  similar  difficulty,  of 

•  Communicated  by  the  Author. 
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course,  occurs  in  the  lunar  and  planetary  theories,  but  with  this 
diflVrence  :  there  the  difficulty  is  introduced  by  the  method  of 
solving-  the  differential  equation,  and  is  avoided  by  modifying 
the  first  approximation  to  a  solution;  here  it  is  inherent  in  the 
differential  equation,  and  can  only  be  avoided  by  nuiking  that 
equation  express  more  completely  the  physical  circumstances  of 
the  motion.  One  or  more  of  the  assumptions  on  which  the  dif- 
ferential equation  rests  is  invalid.  We  must  look  either  to 
terms  of  higher  orders  of  smallness,  to  resistance  of  the  air,  or 
to  internal  friction.  With  the  modifications  due  to  the  last 
cause  we  are  now  concerned. 

The    approximate  effect  of  internal  friction  is  probably  to 
dt  fit 

add  to  the  stress  E  -^,  produced  by  the  strain  -^  when  the  parts 

of  the  body  are  relatively  at  rest,  a  term  proportional  to  the  rate 
at  which  the  strain  is  changing;  so  that  the  stress  when  there 

•n    ,      -cA^^      ,  ^^'f  \        1 
IS   relative  motion    will   be  hi-r+k  , — r:  ),  and  our  equation 

\(Li'        ax  at  / 

of  motion  becomes 

dt^-^'U^^'-d^df^) ^^^ 

The  solution  of  this  equation  will  contain  two  classes  of  terms. 
First,  a  series  corresponding  to  those  under  the  sign  of  summa- 
tion in  (2),  which  principally  differ  from  (2)  in  the  coefficients 
decreasing  in  geometrical  progression  with  the  time,  the  highest 
fastest,  and  in  the  total  absence  of  the  notes  above  a  certain 
order  as  periodic  terms;  these  terms  we  may  consider  as  wholly 
resulting  from  the  initial  conditions,  and  as  having  no  perma- 
nent effect  on  the  motion.  Second,  a  term  corresponding  to  the 
first  term  of  (2),  and  which  expresses  the  state  of  steady  vibra- 
tion when  work  enough  is  continually  done  by  the  forced  vibra- 
tion of  the  extremity  to  maintain  a  constant  amplitude.  The 
investigation  of  this  term  is  a  little  more  troublesome,  because  the 
motion  is  periodic,  the  eflfcct  of  friction  being  to  alter  the  motion 
in  a  manner  dependent  on  the  ])Osition  of  the  point,  not  on  the 
time,  and  equation  (3)  cannot  be  satisfied  by  a  sine  or  a  cosine 
alone  of  the  time. 

Assume  ^==<p{x)  sin  int  +  ylr (x)  cos  mt, 

or  a  series  of  such  terms,  if  possible,  each  pair  satisfying  equa- 
tion (3).  Substitute  in  the  equations  of  motion,  and  equate 
coefficients  of  sin  mt  and  cos  int, 

a^c},"-bn^|r")  =  -m^,■\ 

a^ylr"  +  km(t>")  =  -  m-'ylrJ         •      •      '      '      ^  ) 
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'  =  CosinX,r'  J 


, (5) 

where  c,,  c^,  and  X  may  be  imaginary,  but  <^  and  -v/r  are  real :   this 
form  is  indicated  as  suitable^  because  ^  must  change  sign  with  x. 
We  obtain 


whence 
and 

where  tan  d  =  km, 


0 


cos^ 


The  most  general  real  expression  for  (f)  is  then 

'        '   swfiyi  +  -v/  — 1  tan^J-2^. 

+  — 1 J sin/A(^i_'v/_ltan^j-^; 

or,  as  it  may  be  written, 

0 


g>itan2      ^g-Mtana 


Similarly 


-f  B,  COS/UA' 


utan-.jr  — utan-.or 


fitan-.x    ,      — utan-.* 
,6         a      +6  a 


+  BjCos/iarJ 


.      0  fl 

ti.li  ,  .  *  _  g-M  tail  ^  .  X 


2.     : 


The  conata I it«i.  will  be  connected  by  the  relations 

lA,-|{,^/-l  =  -Ay-l-M2; 
that  if*, 

A,  =  -H,  iiiul   15,  =  A2.  .     . 


(6) 

(7) 


(8) 


(9) 
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Let 

r=  sin//-/. —y 

Q = COS /i/ .  i_J_z:i___f_ . 

If  possible,  let  7n  be  other  than  n;  when  .2;  =  /,  we  have  ^  =  0 
and  "^  =  0,  or 


LB,F-A,Q  =  0; 


therefore,  since  A„  B,  must  be  real,  they  must  vanish,  and  we 
conclude  that  the  only  steady  vibration  is  of  the  same  period  as 
that  impressed  on  the  extremity. 

Let  m  =  n;  when  x-=l,  ^  =  A  andi/r  =  0;  hence 

PA,  +  QB,=A,1 
PBi-QA,  =  OjJ 

.    _     AP^    >! 

TTT  ■  ■  -  ■  ■■■> 

This  completely  determines  the  steady  vibration  of  the  string. 

Suppose  a  change  to  take  place  in  the  forcing  vibration,  it  is 
easy  to  see  that  the  result  will  be  that  momentarily  all  the  notes 
natural  to  the  string  with  both  ends  tixed  will  be  sounded.  This 
conclusion  could  readily  be  tested  by  graphically  describing  the 
motion  of  a  point  of  a  string  moving  in  the  manner  supposed, 
the  motion  being  produced  by  a  tuning-fork  actuated  by  an 
electromagnet.  If  this  be  verified,  an  attempt  might  be  made 
to  determine  the  value  of  k  for  various  strings  or  wires  by  com- 
paring the  amplitude  of  vibration  at  the  points  of  greatest  and 
least  vibration  ;  and  at  the  different  points  of  least  vibration 
true  nodes  will  not  occur.  The  curve  having  x  for  abscissa,  and 
the  maximum  value  of  ^  at  each  point  for  ordinate,  might  pos- 
sibly be  portrayed  by  photographing  a  vibrating  string.     The 

calculations  would  be  much  facilitated  by  the  feet  that  u.=  -    if 

a 

small  quantities' of  the  second  order  are  neglected.     Suppose 

that  fjLl=27r,  a  case  of  strong  resonance ;  then  P  =  0  and  Q,  =  '7rkn 

very  nearly:  we  have  A,=0  andB,=:  — j— ,  and  the  motion  is 
''  irkn 

N2 
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expressed  by  the  equation 

A     [h^x       nx   .       ,       .    nx  ~\ 

t=  — r~"S cos  —  sm  nt  +  sm  —  cos  nt  >» 

TTkn  L    «  «  «  J 

Let  the  aniplitades  observed  at  the  node  and  middle  of  ventral 
segments  of  the  string  be  a,  ;8 ;  we  have 

_  knl 

27ra 


irkn 


(12) 


therefore 

2«^  _  a  J_ 

the  result  being  expressed  in  seconds.  It  is  worth  noticing 
that  the  vibrations  throughout  the  ventral  segments  in  this  case 
are  nearly  a  quarter  of  vibration  behind  the  extremity  in  phase. 
If  the  theory  of  friction  here  applied  be  correct^  many  impor- 
tant facts  conld  follow  from  a  determination  of  the  value  of  k  in 
diflFerent  substances — for  example,  the  relative  duration  of  the 
harmonics  of  a  piano-wire. 

Let  us  now  calculate  what  is  the  work  done  by  the  force 
maintaining  the  vibration  of  the  extremity.  The  force  there 
exerted  is 

\dx        dx  eft  J* 
and  the  work  done  in  time  dt  is 

a" being  pnt  equal  to  /after  differentiation.  Wc  have  then  work 
done  from  time  0  to  time  / 

In  estimating  the  work  done  in  any  considerable  period,  wc 
may  exclude  tlie  periodic  terms  as  unimj)ortant.  lleuce  work 
done  on  extremity  of  string 
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An  expression  for  this  could  of  course  be  at  once  written 
down  without  approximation ;  but  the  case  where  k  is  small 
is  most  important ;  then  we  have 


fp      .    nl 
r  =  sin  — , 


i   ^  nl    nVk 

I  Q=cos—  •  — -, 
^  a       2a 


rA.= 


A 

~17l' 

sin  — 
a 

A  cos 


Bi  = 


nl 

a      nVk 


nl 


:ia 


unless  sin  —  becomes  very  small, 


(^  =  A 


.    nx 
sm  — 
a 


sin 


nl 


sin'  — 


I. 

Work  done  on  the  string 
n"'E//r 


^     ,  A        kn^  r ,       nl      .    nx 

Y= ;  '  TT  ^  i  cos  —  .  sin  — 

j^j/u     4a   [_         a  a 

nx  .    nl \ 
— «co3  — sin  —  >". 
a        a  ) 


4a  sin* 


■  of,      ^nl    n  nl  ,    nl 

—,A^\  I  cos''  —  • cos  —  sm  — 

nl       \.  a      a  an 


,  jH   .  ^nl      n,   .   nl      nl] 

+  1-  sm*  —  +  2  sin  —  cos  —  f 

a         a  a        a  ) 


n^E/AA'    {nl  .     .    nl       nl 


f  nl  .     .    7il       nl  \ 
,\  —  +  sin  -  cos-   \ . 
I  y  a  a        a  } 
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If 

a  2a 

A,  =  0,andB,=  +JlA, 

(b=  +  —X  COS  — , 

I  /  a 

\    ,        ,  2flA   .    nx 
I  Y=  H — 577  sin  —  • 

"Work  done  =  -j-  E/. 
Ik 

"We  infer  that  the  energy  imparted  to  the  string  varies  as  the 
square  of  the  amplitude  of  vibration  of  the  extremity,  that  it 
rapidly  increases  as  the  period  approaches  that  of  the  string, 
that,  if  these  periods  diifer  materially,  the  work  is  directly  pro- 
portional to  the  friction  and  increases  rapidly  with  the  number 
of  vibrations — but  that  if  the  periods  are  identical,  the  work 
varies  inversely  as  the  friction,  the  diminishing  of  the  friction 
being  more  than  counterbalanced  by  the  increased  amplitude. 

It  is  interesting  to  examine  how  this  energy  is  distributed 
over  the  string.  This  is  easily  done  by  writing  down  the  work 
done  by  one  portion  of  the  strinjr  from  x  to  /,  on  the  remainder 
from  0  to  a,  and  then  taking  the  differential ;  we  readily  find  that 
work  absorbed  by  portion  dx  of  string        ', 

Z     \aa,''    ■    ax   / 
Substituting,  we  obtain,  when  the  string  does  not  resonate, 


nx 
.,„,  cos'   - 
n^XE/  a 


>c9 


work  =  — ; —  ■  S}  dx] 

)la      .    ,  nt 
sin'  — 


when  the  string  resonates^ 

E/       'ofiic   ■.  B  , 
=  7-7  cos*  —  .  A*dx. 
t^k         a 

In  cither  case  the  absorption  of  energy,  and  therefore  the 
hcatinp-eflcct,  is  greatest  at  the  nodes,  and,  omitting'  squiins  of 
k,  vanishes  at  the  middle  of  the  ventral  segments.  Directly  the 
contrary  will  result  from  the  friction  of  the  string  against  the  air. 

Glass  Works,  lu-Rr  Hirmingbam.     , 
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XXIII.   On  the  Action  of  Solid  Bodies  on  [Gaseous]  Supersatu- 
rated Solutions.     By  F.  C.  Henrici*. 

NO.  52  of  the  Naturforscher  (1869)  gave  a  short  account 
of  numerous  experiments  by  Mr.  Tomlinson  on  the  action 
of  sohds  on  supersaturated  solution's,  as  brought  before  the  Che- 
mical Society.  The  views  which  Mr.  Tomlinson  has  founded 
thereon,  and  which  in  their  exposition  called  forth  some  objec- 
tions, do  not  appear  to  me  to  follow  from  the  phenomena ;  and 
as  souie  experiments  of  my  own  strengthened  my  objections,  I 
determined  to  investigate  the  matter  fully.  I  have  limited  my 
numerous  experiments  to  gas-impregnated  water,  a  limitation 
which  can  have  no  injurious  effect  on  the  inquiry. 

It  is  necessary  first  of  all  to  define  accurately  what  we  mean 
by  a  supersaturated  solution.  If  we  consider  how  difficult  it  is 
to  free  water  from  air,  even  by  boiling  or  by  the  action  of  the 
air-j)ump,  there  must  evidently  be  between  air  and  water  an  at- 
traction, or  so-called  adhesion.  The  volume  of  air  in  solution 
must  depend  on  this  adhesion,  and  also  on  the  atmospheric  pres- 
sure at  the  time.  The  temperature  has  also  considerable  influ- 
ence, since  heat  diminishes  the  adhesion  and  increases  the  ex- 
pansive force  of  the  air-molecules.  There  is  also  under  the 
given  conditions  an  equilibrium  of  pressure  between  the  exterior 
and  the  dissolved  air,  which  does  not  exist  when  these  conditions 
are  wanting.  Hence,  if  the  water  contain  too  little  air,  it  will 
absorb  more,  and  in  the  opposite  case  part  with  it.  In  the 
latter  case,  therefore,  the  water  is  supersaturated  with  air,  which 
is  nearly  always  the  case  with  spring-water.  As  respects  gases 
which  are  not  found  in  the  atmosphere,  or  only  in  minute  quan- 
tities (such  as  hydrogen,  carbonic  acid,  and  ammonia),  the  equi- 
librium of  pressure  does  not  obtain.  Each  of  these  gases,  with 
respect  to  the  quantity  brought  into  contact  with  water,  pro- 
duces supersaturation  more  or  less. 

With  respect  to  equality  of  pressure,  the  air  particles  in  a  gas- 
holding  liquid  are  under  the  same  conditions  in  all  directions. 
If  supersaturated,  air  particles  continually  escape  from  the  sur- 
face, and  others  follow  from  the  interior,  their  tendency  to  expand 
being  thereby  assisted.  But  this  condition  is  entirely  changed 
when  the  continuity  of  the  liquid  is  interrupted  by  a  solid  body, 
as  indeed  it  already  is  by  the  boundary  walls  of  the  containing 

*  Translated  by  Charles  Tomlinson,  F.R.S.,  from  Poj;<ren(lorff 's  Annalen, 
No.  12(187^).  The  translator  has  made  a  number  of  critical  remarks  on 
this  iiiterestiiip;  pa|)cr,  which  he  proposes  to  send  in  time  for  the  April 
Number  of  the  IMiilosophical  Magazine.  In  the  mean  time  he  be^s  to  refer 
to  two  papers  by  him  on  the  same  sui)ject  in  the  Philosophical  Magazine 
for  August  and  September  1 8ti7. 
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vessel.  In  such  ease,  in  addition  to  the  attraction  between  the 
liquid  and  the  air  or  gas,  there  is  also  an  attraction  between 
both  of  these  and  the  solid  sides  ;  and  it  is  a  question  which  of 
these  two  attractions  will  prevail.  There  are  three  cases  to  be 
considered  : — 

1.  The  attraction  between  a  liquid  and  air  or  gas  has  thepre- 
pondeiance ;  in  this  case  the  solid  sides  produce  no  change,  and 
there  is  no  separation  of  gas. 

2.  The  attraction  between  the  solid  and  the  gas  has  the  pre- 
ponderance ;  in  such  case  gas  attaches  itself  to  the  solid,  but 
does  not  escape. 

3.  The  attraction  between  the  solid  and  the  liquid  has  the 
})reponderance,  in  which  case  there  is  a  condensation  of  gas  on 
the  solid  surfaces,  and,  if  the  liquid  is  sufficiently  supersatu- 
rated, an  escape  of  gas  (the  quantity  depending  on  circumstances). 

The  last  case  applies  to  ]Mr.  Tomlinson's  experiments,  and  also 
to  my  own.  The  first  condition  in  such  an  inquiry  is  doubtless 
the  most  perfect  cleanliness  of  the  solid  surfaces  employed;  for 
with  unclean  surfaces  definite  results  cannot  be  obtained*.  I 
have  adopted  the  following  method  for  obtaining  clean  surfaces — 
namely,  rubbing  them  with  fine  pumice-stone  powder  sprinkled 
on  soft  leather.  Surfaces  so  cleaned  are  well  adapted  to  galvanic 
experiments  ;  and  their  purity  may  be  tested  by  the  facility  with 
which  water  wets  them.  The  solids  used  were  metal,  glass, 
and  bone  :  the  supersaturated  liquid,  to  begin  with  the  simplest, 
was  freshly  drawn  spring-water  in  small  cylindrical  glasses,  and 
also  in  ordinary  test-glasses.  The  observations  were  assisted  by 
a  double  convex  lens.  The  first  experiments  were  with  newly 
cleaned  wires  of  different  thicknesses  of  platinum,  silver,  brass, 
co|)per,  plated  co|)per,  zinc,  and  steel,  a  strip  of  platinum,  glass 
and  bone  rods.  These  were  usually  attached  to  a  cork,  and  so 
sunk  in  the  water  to  the  depth  of  about  two  inclies.  No  sooner 
were  the  solids  in  contact  with  the  water,  than  they,  as  well  as  the 
side  of  the  glass,  were  immediately  dotted  over  with  minute  air- 
bubbles,  which  constantly  increased  in  number  and  size  until, after 
some  time,  the  surfaces  were  more  or  less  covered  with  them,  oc- 
casionally (putting  hold  and  ascending.  No  diirerenc(M)f  action 
worth  mentioning  was  to  l)e  t>bserved  Ijctween  the  diilereut  solids. 
With  highly  ini|)regnated  water,  the  bubbles  reappeared  more 
or  less  numerously  next  day  on  iunnersing  the  solids.  These  re- 
sults w(;re  obtained,  however  often  the  experiments  were  re[)eated. 

My  next  experiments  were  with  water  supersaturated  with 
carboinc  acid.  Tiie  gas  was  generated  by  means  ol'  eonnnon 
effervescing  powders,  which  (  nal)led  me  to  impregnate  the  water 

*  I  have  not  made  use  of  the  terms  "  nctivc"  and  "  iwssivc,"  since  tliey 
are  cahuliitcd  to  exeilc  laUf  itlcas  as  to  the  niotle  of  action. 
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to  the  required  strength,  and  made  mc  independent  of  the  va- 
riations which  constantly  occur  in  spring-water*.  By  the  use 
of  small  quantities  of  the  powder  and  the  before-mentioned  solids 
immersed  in  the  water,  as  soon  as  it  became  clear  the  action  was 
very  decided,  so  that  decreasing  quantities  of  the  powder  were 
sufficient  to  cause  the  solids  to  be  covered  with  innumerable 
bubbles  as  soon  as  they  were  immersed.  A  fuller  impregnation 
of  the  water  produced  a  lively  effervescence.  The  results  are  so 
beautiful  as  to  leave  nothing  to  be  desired.  Moreover  the  car- 
bonic acid  remains  a  remarkably  long  time  in  the  water.  In 
less  than  two  cubic  inches  of  carbonic-acid  water,  brass  and  silver 
wires  acted  after  twenty-four  hours  and  produced  an  abundant 
separation  of  bubbles. 

Since,  by  frequent  repetitions  of  these  experiments,  the  same 
results  were  always  obtained,  and  as  I  had  bestowed  the  greatest 
care  on  the  cleansing  of  the  submerged  solids,  I  am  fully  con- 
vinced that  solids  made  perfectly  clean,  coming  into  contact 
with  gas-impregnated  water,  is  a  necessary  condition  for  the 
unequivocal  production  of  the  phenomena  in  question.  This  is 
in  direct  opposition  to  the  hitherto  received  view,  according  to 
which  unclean,  and  especially  dusty  surfaces,  produce  the  sepa- 
ration of  the  bubbles  in  question.  This  view  does  not  seem  to 
have  been  submitted  to  rigid  proof,  but  rather  to  have  been  sup- 
ported by  a  solitary  experiment.  If  a  given  surface,  such  as  a 
silver  wire,  a  glass  rod,  &c.,  be  submitted  to  the  action  of  a  small 
flame  of  spirits  of  wine,  such  a  surface  will  scarcely  act,  or  not 
act  at  all,  in  separating  gas.  Hence  it  has  been  concluded  that 
all  kinds  of  organic  substances  contracted  by  exposure  to  the  air 
were  thus  burnt  off  from  the  surface  so  as  to  leave  it  perfectly 
clean.  This  conclusion,  however,  follows  so  little  from  the  j)re- 
mises,  that  the  flauie  produces  only  a  change  in  the  covering  and 
converts  it  into  carbon  or  ash.  This  consideration  has  led  me 
to  inquire  further  into  the  matter;  and  the  following  are  the 
results : — 

A  carefully  cleaned  glass  rod  was  for  some  time  moved  over  a 
small  flame  of  spirits  of  wine,  after  which  nothing  could  be  seen 
upon  its  surface;  but  when  it  was  drawn  with  slight  pressure 
between  the  folds  of  a  clean  linen  cloth,  a  frictional  impediment 
was  plainly  felt,  even  producing  a  faint  noise  when  the  pressure 

*  These  ohanf^cs  arc  really  very  iircut.  My  experiments  with  spring- 
water  were  for  the  most  part  carried  on  in  snninicr ;  and  I  was  very  much 
surprised,  on  resuming  them  in  autumn,  to  find  the  same  water  of  no  use. 
In  summer  the  fermentation  of  the  moist  constituents  of  the  soil  is  most 
active ;  we  might  therefore  presume  that  the  gaseous  contents  of  spring- 
water  at  that  season  consist  chiefly  of  carbonic  acid  ;  only  the  ^vatcr  drawn 
in  autumn  gave  a  jn-ecipitate  with  barvta- water.  The  solid  contents  of  the 
water  of  this  place  are  exceedingly  small. 
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was  increased,  and  the  film  could  only  be  removed  from  the  sur- 
face by  a  tolerably  strong  pressure. 

The  same  effect  was  produced  in  the  case  of  all  kinds  of  metal. 
A  clean  silver  teaspoon  had  its  hollow  held  over  the  flame,  after 
which  this  inner  surface  had  no  particular  appearance,  and  be- 
came wetted  with  water  much  in  the  same  way  as  the  simply 
rubbed  surfaces;  nevertheless  it  cost  me  trouble  to  get  rid  of  the 
frictional  impediment  in  wiping  out  the  hollow. 

At  the  extremity  of  a  strip  of  milk-white  glass  which  had  been 
held  in  the  small  flame,  there  could  be  seen,  with  the  assistance 
of  a  lens,  minute  specks  which  could  only  be  removed  by  very 
strong  pressure. 

We  must  also  refer  to  the  deposit  of  carbon  on  the  bottom  of 
flasks  &c.  heated  by  a  spirit-flame. 

Hence  I  must  confidently  conclude  that,  by  the  action  of  a 
spirit-flame,  glass  and  other  solids  become  covered  with  a  scarcely 
recognizable  (carbon?)  film,  which  is  itself  sutficient  to  prevent 
the  separation  of  gas-bubbles  from  aerated  water,  probably  by 
absorption.  The  dust-particles  which  cover  all  bodies  exposed 
to  the  air  are  most  readily  removed  by  rubbing  with  a  clean 
duster,  or  rinsing  with  clean  water.  Surfaces  which  after  pre- 
vious cleaning  are  long  exposed  to  the  air  and  then  so  treated, 
act  in  fact  like  freshly  cleaned  ones.  A  glass  rod  so  treated,  a 
silver  wire  which  had  stood  twenty-four  hours  and  ujjwards  in 
water,  were  covered  abundantly  with  bubbles  when  put  into 
aerated  supersaturated  water.  The  most  convincing  proof  is  the 
action  of  a  pure  quicksilver  surface.  In  a  small  glass  cylinder 
5  centims.  in  height  and  1 1  in  width,  a  drop  of  pure  mercury  was 
])Oured  sufticient  to  cover  the  bottom,  and  carbonic-acid  water 
was  carefully  agitated  with  it.  The  mercury  was  in)mediately 
covered  with  rapidly  swelling  bubbles,  which  ascended  and  others 
formed  in  their  |)lace.  As  by  tiie  shaking  of  the  glass  the  bub- 
bles escaped  from  the  mercury,  this  was  immediately  covered 
with  new  ones;  and  this  result,  notwithstanding  the  small  qiuin- 
titv  of  gas  in  solution,  could  be  repeated  many  times  with 
scarcely  any  diminution,  even  in  but  slightly  impregnated  water, 
in  which  otiicr  surfaces  did  not  act — thus  showing  that  mercury, 
scparatnig  numerous  bubbles,  jjossesses  a  surpassing  activity. 
I'ure  mercury  Ibrms  indeed  the  most  perfect  surface  that  can  be 
used;   and  it  is  completely  wetted  by  water. 

The  choice  of  solids  for  these  researches  is  somewhat  limited. 
Thus  pure  metallic  surfaces  cannot  be  compared  with  oxidized 
ones,  since  the  mcehanu'al  coiidition  of  tiie  surl'aee  has  the  most 
powerful  influence  on  the  results,  ami  is  often  entirely  ilifrereut 
in  the  two  cases,  it' a  dean  |)olisli((l  brass  wire  be  compared 
with  one  that  lias  been  well   rubbed  with  sand  pap(M-,  the  latter 
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will  be  found  to  contain  minute  furrows,  and  if  plunged  into 
aerated  water  will  be  immediately  covered  with  innumerable 
scarcely  visible  bubbles  which  arrange  themselves  in  the  furrows; 
while  on  the  first  wire  less  nun)erous  and,  on  that  account,  more 
quickly  growing  bubbles  appear.  In  the  same  way  behaves  a 
strongly  oxidized  zinc  wire  that  has  long  been  exposed  to  the 
air,  the  minute  roughnesses  of  which  are  easily  detected  by  rub- 
bing with  the  finger;  only  in  this  case  the  furrows  are  absent. 
An  oxidized  brass  wire,  as  compared  with  one  free  from  oxide, 
shows,  on  the  contrary,  no  great  difference. 

It  has  been  already  remarked  that  the  temperature  has  a  great 
influence  on  the  quantity  of  gas  held  in  solution.  If  of  two 
volumes  of  equally  impregnated  water  one  be  warmed,  there  is 
a  diminution  of  attraction  between  the  air  and  water  particles,  and 
also  in  the  expansive  force  of  both  ;  supersaturation  sets  in ;  and  if 
this  already  existed,  it  is  increased.  Hence  in  air-  or  carbonic- 
acid-impregnated  water,  it  may  happen  that  no  bubbles  can  be 
separated,  but  if  gently  heated  by  a  small  flame,  or  a  warm  metal 
plate,  the  action  sets  in  at  once.  By  this  simple  means  soda-water 
or  spring-water  that  has  long  been  exposed  to  the  air  and  appa- 
rently of  no  further  use,  may  again  be  brought  into  activity.  In 
water  kept  until  the  next  day,  in  which  no  bubbles  can  be  sepa- 
rated (as  is  almost  always  the  case),  a  gentle  heating  causes  them 
to  appear  anew  and  swell  out  in  large  numbers. 

The  experiments  w'ith  oxidized  zinc  wire  and  with  scratched 
brass  wire  plainly  show  how  important  is  the  mechanical  con- 
dition of  the  surface  on  the  liberation  of  gas.  It  was  very 
interesting  to  notice  the  action  of  tlie  parts  of  these  sap-containing 
plants  the  surface  of  which  is  slightly  rough,  such  as  the  stems 
of  the  strawberry,  milfoil  or  common  yarrow,  birch  leaves  with 
their  peduncles,  &c.  AVhen  these  were  immersed  in  the  air-  or 
carbonic-acid-impregnated  water,  their  minute  projecting  points 
were  quickly  covered  with  numerous  bubbles,  which  took  up  an 
enormous  quantity.  The  phenomenon  was  very  interesting  iu 
water  weakly  impregnated  with  air  and  carbonic  acid,  when  this 
was  gently  warmed.  As  the  bubbles  gradually  formed,  they  were 
from  the  first  easily  seen ;  the  smallest  appeared  on  the  finest 
hairs  of  the  pine  or  Scotch  fir,  which  were  entirely  covered  w  ith 
them,  and  in  sunshine  displayed  a  brilliant  show  of  colours. 

These  oft-repeated  experiments  convinced  me  that  the  air- 
bubbles  at  the  moment  of  their  appearance  are  so  small  as  to 
be  invisible,  and  by  slow  growth  attain  a  visible  size.  How  the 
cohesion  of  the  liquid  at  any  given  point  within  it  (as  is  required 
by  the  origin  of  a  bubble)  is  overcome,  cannot  be  made  a  matter 
of  observation  ;  but  that  this  takes  place  by  means  of  the 
slight  roughnesses  of  the  surface,  fine  points,  &c.,  cannot,  ac- 
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cording  to  my  experiment,  be  doubted.  Once  admit  the  origin 
of  a  bubble,  an  enclosing  liquid  surface  is  thus  created,  into  the 
hollow  space  of  which  other  bubbles  can  penetrate,  as  continually 
happens  at  the  free  outer  surface  of  the  liquid,  where  the  air 
particles  can  follow  the  bent  of  their  force  of  expansion  upwards. 

The  bubbles  have,  as  a  rule,  so  far  as  I  have  been  able  to 
make  out,  a  spherical  form  ;  but  they  assume,  in  consequence 
of  rapid  growth,  especially  when  thick  together,  an  elongated 
form.  In  this  case  I  have  not  remarked  that  they  coalcj^ce 
(a  plain  proof  of  the  tenacity  of  the  boundary  walls),  but  they 
rather,  when  they  have  attained  a  certain  size,  become  detached 
and  ascend.  Nor  are  the  bubbles  in  actual  contact  with  the 
operating  surfaces,  which  may  be  accounted  for  by  the  adhesion 
of  the  liquid  to  the  wet  surface*;,  whereby  the  fluid  particles 
lose  to  a  great  extent  their  mobility  ;  and  hence  it  is  intelligil)le 
why  the  bubbles  cling  with  such  remarkable  tenacity  to  the 
surfaces  :  the  smaller  ones  can  scarcely  be  loosened  by  striking 
the  vessel,  and  it  is  not  till  they  have  attained  a  certain  size 
that  they  acquire  ascensional  force  sufficient  to  detach  them ; 
so  that  on  perpendicular  or  oblique  suriaces  they  often  ascend 
M'ith  diminished  speed*.  The  nature  of  the  surface  seems  from 
these  results  to  have  an  influence.  The  bubbles  do  not  attain 
so  large  a  size  on  glass  as  on  metal ;  the  attraction  between 
glass  and  water  must  be  less  than  between  metal  and  water, 
and  hence  the  water  particles  would  have  less  adhesion  to  glass. 

If,  as  I  doubt  not,  the  condensation  of  the  air-impregnated 
water  on  the  immersed  surfaces  is  the  cause  of  the  se])aration  of 
the  bubbles,  such  condensation  acting  in  another  way  will  pro- 
duce the  same  result.  The  following  experiments  were  made 
with  water  so  slightly  impregnated  that  an  immersed  silver 
wire  produced  no  bubbles  ;  and  tiiese  experiments  illustrate  the 
well-known  fact,  that  aqueous  solutions  under  like  conditions  do 
not  take  up  so  much  gas  as  pure  water.  15y  adding  a  little 
sulphuric  acid,  or  portions  of  concentrated  solutions  ot  different 
readdy  soluble  salts,  to  the  impregnated  water,  there  was  a 
greater  or  less  separation  of  gas-bubldes  on  the  glass  rod  or 
other  immersed  surface.  The  following  form  of  experiment 
gave  the  most  striking  results  : — A  copper  wire  hanging  in  a 
test-glass  was  twisted  at  the  centre  so  as  to  hold  some  fibres  of 
linen  for  the  reception  of  the  body  that  was  to  enter  into  solu- 
tion  and  to   retain   it  at   the    surface   level  of  the  liquid   in  the 

•  Ilcncc  doubtless  iiriscs  tlxr  roiniirkahli'  |)litii(tmfiii(M  wliicli  1  linvc  oh- 
srrvt'tl  ill  usjiij;  tin;  fUcrvcsciii};  powdcri*;  iiiniu'U,  tlic  iisccndiii};  colmims 
of  th«"  Mmullesl  l)ul)l)lts  wt-ri;  coiitiiiiiiilly  rellicliil  IVoiii  tlu-  uinlcr  side  of 
the  iii)|K  r  surfaci',  wliile  iiiiiiiy  siii;rli'  iiscnnlmjr  liulil)lcs  bouiulcd  rr|)('alt.'tlly 
tlicrifroiii  ere  till'}  could  hrriik  tlironj^li  tlic  thin  siirliirc. 
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test-glass.  Fragments  of  carbonate  of  soda,  saltpetre,  common 
salt,  &c.  descended  in  concentrated  streams  visible  to  the  eye. 
During  this  descent  and  before  the  solution  had  time  to  accu- 
mulate at  the  bottom  of  the  jar  and  diffuse  through  the  liquid, 
numerous  bubbles  separated  on  introducing  a  glass  rod  or  silver 
^vire  ;  and  this  continued  long  in  action,  although  only  very  small 
fragments  of  the  salt  were  used.  On  using  caustic  alkali  on  air- 
impregnated  water,  there  arose  an  opaque  cloud  of  the  finest 
bubbles  as  the  saline  streams  descended ;  and  this  cloud  slowly 
ascended  and  disappeared.  The  further  course  of  the  experi- 
ment was  as  with  the  other  salts.  This  experiment  was  tried 
with  water  that  had  been  boiled;  but  it  is  needless  to  add  that 
nothing  followed. 

The  well-known  phenomenon  will  be  remembered,  where  an 
efifervescent  wine,  in  w  hich,  after  standing  some  time,  bubbles 
no  longer  rise,  foams  when  the  glass  is  struck  or  agitated,  and 
slight  condensations  of  gas  appear  on  tbe  surface.  If  a  blow  be 
struck  on  the  side  of  the  glass  with  a  rod  of  wood,  bubbles 
immediately  appear  at  the  point  struck. 

De  Luc  referred  these  phenomena  to  the  film  of  air  which 
covers  all  bodies  exposed  to  the  atmosphere.  There  certainly 
are  cases  in  which,  on  immersing  solids  in  air-impregnated 
water,  bubbles  are  produced  in  this  way — as,  for  example,  when 
the  surfaces  are  such  as  not  to  be  wetted  by  the  water.  I  have 
made  many  experiments  with  dry,  green  grass  halms,  slightly 
rough  on  the  surface,  which  show  this  result.  On  immersing 
them  in  supersaturated  gaseous  solutions,  they  became  covered 
with  innumerable  bubbles,  especially  in  the  more  extended  air- 
spaces, such  as  the  fine  furrows  &c. ;  such  air-spaces  remain 
longer  in  water  exposed  to  the  air  ;  while  such  water  may  not 
give  a  single  bubble  to  a  metal  surface.  The  air  is  evidently 
derived  from  that  which  is  carried  down  during  the  immersion  of 
the  halm.  All  porous  bodies  act  in  the  same  way  when  immersed 
in  liquids.  Ripe  grass  haluis  with  smooth  surfaces  behave  like 
solids  generally ;  they  produce  only  a  few  bubbles. 


It  would  doubtless  be  very  interesting  to  carry  out  an  exhaus- 
tive experimental  inquiry  into  the  cases  1  and  2,  since  they  do 
not  involve  insuperable  difticulties.  In  the  meanwhile  I  cannot 
help  offering  a  few  remarks.  Let  us  begin  with  the  second  case, 
and  consider  the  phenomena  which  arise  when  the  attraction 
between  a  solid  surface  and  the  gas  in  an  aqueous  solution  pre- 
vails. In  this  case  the  first  effect  can  only  be  the  condensa- 
tion of  the  gases  on  such  surface — the  very  opposite  to  a  sepa- 
ration. The  adhesive  attraction  is  but  a  preliminary  step  to  the 
chemical,  with  which  a  condensation  of  the  less  dense  consti- 
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tuents  is  indeed  always  connected.  Only  in  the  case  in  which  the 
gas  in  solution  unites  chemically  with  the  solid  so  as  to  form  a 
gaseous  body,  could  there  be  a  separation  of  gas-bubbles. 

There  are  many  bodies  which  have  for  gases  a  strong  conden- 
sing force  or  power  of  absorption^  such,  for  example,  as  charcoal 
for  carbonic  acid.  But  their  great  porosity  and  numerous  points 
and  roughnesses  (which  soon  exhaust  their  absorbing  powers) 
render  them  scarcely  available  for  experiments  of  this  kind.  I 
have  endeavoured  to  prepare  a  piece  of  charcoal  by  plunging 
it  red-hot  into  previously  boiled  water  and  keeping  it  immersed 
some  days  with  occasional  heating.  On  plunging  it  into  highly 
impregnated  water,  ouly  a  few  solitary  bubbles  appeared  on  its 
surface,  while  a  silver  wire  similarly  immersed  was  completely 
covered  with  them.  The  graphite  from  a  common  lead  pencil 
or  roughly  dressed  strips  of  the  same  material  prepared  as 
above,  and  plunged  into  the  same  highly  impregnated  solution 
of  carbonic  acid,  produced  no  bubbles,  notwithstanding  the 
roughness  of  the  surface.  The  non-appearance  of  the  bubbles 
can  only  be  ascribed  to  the  condensation  of  the  gas  within  the 
pores  of  the  graphite. 

I  have  prepared  the  charcoal  in  another  way,  namely  by  tri- 
turating it  while  thoroughly  wet.  The  wet  powder  was  then 
shaken  into  a  test-glass;  and  after  standing  some  days,  the  su- 
pernatant water  was  drawn  off  and  soda-water  carefully  poured 
upon  it.  The  result  was  as  before,  scarcely  a  bubble  was  to  be 
seen  ;  while  in  another  test-glass,  which  instead  of  charcoal- 
powder  contained  the  finest  quartz  sand,  numerous  bubbles  aj)- 
peared  on  it ;  and  these  being  released  by  shaking,  others  took 
their  place.  Pieces  of  stone-coal  with  brilliant  surfaces  and 
one  piece  with  |)olished  sides  were  covered  with  bubbles. 

The  remarkable  condensation  of  the  mixed  gases  on  a  dean 
platinum  surface,  the  condensation  of  oxygen  alone,  and  even 
the  less  marked  condensation  of  liydrogen  on  such  a  surface, 
may  be  made  the  subject  of  experiments  with  water  sutHcienlly 
im|)regnated  with  these  gases.  A  small  glass  cylinder  1)  centims. 
in  lieight  and  1  j,  centim.  in  width,  was  one  evening  tillid  with 
boiled  water,  and  iive  or  six  d;-()ps  of  strong  sulphuric  acid  added ; 
a  strip  of  zinc  was  then  put  in  apd  the  glass  left  in  a  cool  })lace. 
The  gas  came  off  so  quietly  that  on  the  following  day  it  was  still 
escaping.  "What  was  left  of  the  zinc  was  taken  out,  and  a  well- 
cleaned  |)latinum  and  silver  wn-e  inserted.  The  platinuiii  had 
scarcely  any  aeli<m  ;  but  numerous  bubbles  appeared  on  tlu;  sdvcr 
wire,  the  numl^cr  and  size  of  which  increased,  especially  after 
warming  the  glass,  while  on  the  platinum  wire  not  a  bubble  was 
to  be  seen. 

For  the  investigation  of  the  first  case  (preponderance  of  attrac- 
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tion  between  water  and  gas)  a  sufficient  number  of  examples 
may  be  found.  In  an  experiment  witb  a  strong  solution  of  am- 
moniacal  gas,  in  wbich  a  silver  wire  and  astrij)  of  platinum  were 
immersed,  no  bubbles  appeared  on  Cither  surface,  although  in- 
numerable bubbles  were  set  free  by  the  action  of  heat.  Strong 
hydrochloric  acid  behaved  in  the  same  way  with  platinum  ;  only 
on  heating  it  more  strongly  fewer  bubbles  were  produced, showing 
the  much  greater  attraction  between  water  and  hydrochloric  acid 
gas.  By  long  exposure  to  the  air  both  solutions  became  much 
weaker ;  and  on  gently  warming  them, the  immersed  wires  became 
covered  with  bubbles,  arising  doubtless  from  the  liquid  having 
absorbed  atmospheric  air. 

In  conclusion,  some  experiments  on  fatty  bodies  maybe  referred 
to.  Large  drops  of  olive-oil,  oil  of  almonds,  and  linseed-oil  on  the 
surface  of  water  well  impregnated  with  carbonic  acid  produced  no 
separation  of  bubbles.  The  attraction  of  these  oils  for  water  is 
therefore  not  sufficiently  energetic  for  the  purpose;  and  it  remains 
to  be  seen  vvhether  they  absorb  the  gas  to  a  slight  extent.  Stearic 
acid  melted  at  the  bottom  of  a  small  glass  cylinder,  and  after 
becoming  solid  covered  with  soda-water,  gave  off  an  extraor- 
dinary display  of  bubbles.  After  some  time  the  stearine  loosened 
its  hold  and  rose  to  the  surface,  separating  from  the  fluid  fat, 
a  chemical  action  having  taken  place.  With  water  previously 
boiled  no  bubbles  were  produced. 

Freiburg,  im  Breisgau,  January  1871. 


XXIV.   On  Arithmetical  Irrationality. 
By  J.  W.  L.  Glaisher,  Fellow  of  Trinity  College,  Cambridge"^. 

IT  is  rather  curious  that,  although  very  many  of  the  numerical 
quantities  with  which  the  mathematician  is  constantly  con- 
cerned are  generally  believed  to  be  irrational  {i.  e.  not  to  termi- 
nate or  circulate  t  when  expressed  as  decimals),  yet  the  fact  of 
such  irrationality  has  been  demonstrated  in  only  a  few  cases ; 
and  it  is  still  more  remarkable  that  so  little  attention  seems  to 
have  been  given  to  the  matter  at  all.  To  take  an  example,  I 
suppose  no  one  has  any  doubt  (using  the  words  in  the  sense 
that  there  is  no  one  who  would  not  be  very  much  surprised  if 
the  contrary  were  proved)  that  all  the  sines  in  an  ordinary  Briff- 
gian  or  hyperbolic  logarithmic  canon,  in  which  the  arguments 

*  Comniunicated  by  the  Autlior. 

t  In  the  rest  of  this  paper  the  word  circulate  will  be  supposed  to  iuclmlc 
the  case  where  the  decimal  terminates,  as  is  indeed  the  fact ;  for  a  termina- 
ting decimal  is  merely  one  in  which  the  circulating  jieriod  consists  entirely 
of  zeros.  Thus  every  numerical  (piaiitity  either  circulates  and  is  rational, 
or  does  not  circulate  anil  is  irrational. 
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are  commensurable  with  a  right  angle,  are  irrational ;  but,  as 
far  as  I  know,  no  one  has  attempted  to  prove  this;  and  the  same 
may  be  said  of  many  similar  properties. 

The  most  general  theoi'ems  of  this  class  with  which  I  am 
acquainted  were  proved  by  Lambert  in  the  Berlin  Memoirs  for 
1761 ;  he  has  there  shown  that  the  tangent  of  every  rational  arc 
(viz.  arc  commensurable  with  the  unit  arc,  equal  to  radius)  is 
irrational,  and  that  the  tangents  of  all  angles  commensurable 
with  a  right  angle,  except  tan  45°,  are  irrational.     From  the  hrst 

of  these  results  it  follows  that  nr  is  irrational  (since  tan  —  =1); 

and  to  establish  this  was  the  main  object  Lambert  had  in  view 
in  undertaking  his  investigation.  It  also  follows,  though  not 
quite  so  simply,  that  tt^  is  irrational;  but  I  believe  no  one  has 
ever  shown  that  tt^  or  any  higher  power  of  tt  is  so  too ;  so  that, 
as  far  as  proof  is  concerned,  tt  might  be  the  nih.  root  of  a  rational 
quantity,  though,  as  Legcndre  has  remarked,  there  is  very  little 
doubt  that  it  is  not  the  root  of  any  algebraical  equation  with 
rational  coefficients. 

Lambert's  principle  consists  in  developing  the  quantity  which 
is  to  be  proved  irrational  into  a  continued  fraction ;  and  his 
result,  stated  in  what  is  apparently  the  most  generalized  form  it 
admits  of,  viz.  that  given  to  it  by  Legcndre  in  the  notes  to  his 
*  Geometry,'  is  that  if  in  the  continued  fraction 

-^   B 


''2+«3+&C. 

.    .  .       /3    /9 
(extended  to  infinity)   ~>  --  . . .,  regarded  as  fractions  (a  ,  a^, . . . 
a,    «2 

;3„  /Sg, ...  all  integers),  be  all  less  than   unity,  then,  whether 

/9j,  /i?2, ...  be  all  positive  or  all  negative,  or  some  positive  and 

some  negative,  the  value  of  the  continued  fraction  is  irrational. 

It  is  clear  that  the  cxjnmsion  of  the  quantity  into  a  continued 
fraction  is  the  niONt  natural  way  of  attacking  the  {piestion,  as  the 
])r()ccss  is  identical  in  jjiinciple  with  tliat  of  finding  the  greatest 
common  measure  in  arithmetic. 

Besides  the  theorems  cited  above  with  regard  to  tangents, 
Lambert  showed  that  the  hyperbolic  logarithm  (viz.  logarithm 
to  base  2'71H2}S18  . . .)  of  every  rational  number  was  irrational ; 
and  the  corresponding  theorem  when  the  Ijasc  of  the  system  is 
a  rational  numljer  is  evident;  for,  to  take  the  common  base,  we 
see  at  sight  that  ]0'  =  N  (an  integer)  can  only  be  satisfied  by  a 
rational  value  of  a:  when  N  is  a  power  of  10. 

There  is  another  method  by  which  the  irrationahty  of  a  series 
can  be  proved;  but  it  is  of  exceedingly  limited  a])plieation.     I 
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refer  to  the  way  in  which  e  is  usually  sho\YU  to  be  irrational, 

viz.  that  if  e=—  (m  and  n  integers),  then 
m 

m_    \  I  1-1 

n~\.*  1.2.3""  ~  1.3...n"^1.3...(/i  +  l)  '"' 
so  that 

m[l .  2  . . .  n-1)  =inteser  +(^  -  ^;^:;7j|;r:;:^  +  •  ■  •) 

or  integer  =  integer  +  fraction ; 

so  that  m  and  n  cannot  be  finite  integers. 

This  method  can  only  be  applied  when  the  denominators  in- 
volve all  numbers  (or  multiples  of  them),  and  when  each  deno- 
minator includes  all  the  preceding  ones,  the  numerators  being 
constant. 

There  cannot  be  much  doubt  that  in  an  ordinary  natural 
canon  sin  30°  is  the  only  rational  sine,  though  I  believe  this  has 

not  been  proved;  (sin-  and  cos-  are  easily  seen  to  be  irrational; 

30  30 

for  X  an  integer,  the  unit  being  the  arc  equal  to  radius,  by  the 
sort  of  reasoning  applied  above  to  e~ ' ;)  and  many  other  con- 
stants are  in  the  same  state,  as,  e.  g.,  logTr,  e^,  &c.j  or  Euler's 
constant  •577215  .... 

Lambert's  principle  will  be  found  to  be  not  often  applicable, 
as  the  conditions  requisite  are  but   seldom  fulfilled;  it  is  far 

J3  f3  . . . 
more  common  for      '   ^  '  ' '  to  be  infinite  than  zero. 
«,a.2  .  .  . 

The  method  of  proving  the  irrationality  of  certain  quantities 
which  I  now  proceed  to  explain,  although  very  simj)le,  does  not 
seem  to  have  been  noticed;  at  all  events  Eisenstein,  who  was 
occupied  with  the  irrationality  of  some  of  the  quantities  to  which 
it  is  directly  applicable,  certainly  did  not  perceive  it.  An  ex- 
ample will  make  the  principle  of  the  method  clear.  Consider 
the  series  I  +  q  +  q'^  -\-  (f  +  q^^  +  . . .  which  occurs  in  the  theory  of 
Elliptic  Functions;  it  follows  at  once  that  the  value  of  this 
series  is  irrational  whenever  q  is  the  reciprocal  of  an  integer 

greater  than  unity;  for  if  </=  -,  then  in  the  scale  of  radix  ?■  the 

value  of  the  scries  would  be  written 

I-IOOIOOOOIOOOOOOIOOOOOOOOI . . . , 

which,  as  the  intervals  between  the  I's  consist  of  2,  4,  G,  8,  10 .  . . 
ciphers,  does  not  circulate.     In  the  scale  of  radix  r,  therefore, 

the  series  cannot  be  expressed  in  the  form  ^,  ^I  and  N  bcini; 

1  N'  ° 
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finite  integers.  And  as  M  and  X  are  not  integers  in  the  scale 
of  radix  r,  neither  are  they  integers  in  the  scale  of  radix  10^  as 
a  number  expressible  as  an  integer  in  one  scale  must  clearly  also 
be  so  expi-essible  in  any  other  scale,  both  the  radixes  being 
integers. 

It  is  evident  that  the  same  kind  of  reasoning  applies  to  all 
series  of  the  form  l-{-q'^"^' -\-q-'-~'^'Ycp'^"^  +...,  where  j){n)  is  a 
rational  non-linear  function  of  n  such  that,  when  w  is  an  integer, 
(^[n)  is  so  too;  so  that  all  such  series  are  irrational  when  q  is 
the  reciprocal  of  an  integer  greater  than  unity.  We  see  also 
that  the  method  is  susceptible  of  being  still  further  generalized, 
and  gives  a  result  in  a  great  number  of  cases  where  the  coeffi- 
cients arc  not  unity  nor  all  positive ;  thus 

l-^H-5'*-59+  ...  =-900099999000000099... 
{q  being,  as  throughout  the  rest  of  this  paper,  -,  and  the  sym- 
bol 9  denoting  the  digit  r  —  \)  cannot  circulate;  and  the  same 
is  the  casewithl-f'7  +  2<7H3(^^+  ...,  \^qj^Aq'^  +  ^(p  +  ..., 
&c.,  and  generally  with  1 -t-i/r(l)|7  +  -v^(2)(^'*  +  -f  (3)7='+  . . . , 
where  y^{n)  is  such  that  the  number  of  figures  constituting  it  in 
the  scale  of  radix  r  always  bears  a  ratio  less  than  unity  to;2«  — 1 
(which  is  the  diifercncc  between  thenumljer  of  ciphers  preceding 
the  first  significant  figures  in  <y("-')-  and  q"'), — as  then  the 
numbers  of  figures  in  the  groups  of  O's  or  9's  continually 
increase,  so  that  tlie  decimal  cannot  circulate. 

Tbc  n\mibcr  of  figures  that  any  number  u  will  occupy 
when  expressed  in  the  scale  of  radix  r  is  equal  to  the  integer 
next  above  log^?^;  so  that  if  wc  apply  the  above  reasoning 
to  the  series  \-\-xq-\-x'^(f-\-!i^q^+  . . . ,  we  sec  that  so  long  as  x 
is  an  integer  such  that  log^.-r"'*"'  <  2n  (that  is,  if  x  be  an  integer 
less  than  ?-^),  its  value  is  irrational. 

That  the  number  of  zeros  in  a  group  is  in  this  case  ultimately 
infinite  is  apj)arent,  as  the  number  in  question  when  ,r  =  r^— 1 
is  approximately  2;i  — log^(^"'— 1)"+',  which 

and  is  infinite  witli  ?? ;  tlmt  the  scries  is  irrational  when  A'  =  r' 
is  easily  seen  otherwise. 

The  most  general  case  to  wjiich  the  method  is  a])])licable  is 
that  of  the^crics  1  H-'«/.(l)ry«(')  +  'v/r(2)7^'"^'  +  'v^  (3)ry^(^M-  .  . . , 
which  is  irrational  if  l()g,.'v/r(//)  + 1  <<^(7i)  —  ^j(»  — 1),  so  tliat 
when  n  is  infinite,  </>(«)—</)(«  — l)—"v/r(w)  is  infinite  too, — <^{ii) 
being  as  above,  and  t/^(")  a  rational  function  of  //,  which  is  an 
integer  wlien  v  is  nn  integer. 
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It  is  not  essential  that  the  exponents  of  the  powers  of  q 
should  be  given  by  an  algebraical  formula  <^[n) ;  the  reasoning 
is  equally  successful  when  they  are  the  series  of  prime  numbers, 
or  of  their  squares,  cubes,  &c. 

I  need  scarcely  remark  that  the  sole  condition  for  the  success 
of  the  method  is  that  the  groups  of  O's  or  9's  do  not  circulate; 
so  long  as  this  is  the  case  the  signs  +  niay  occur  in  the  terms 
in  any  order.  A  good  example  is  afforded  by  the  product 
(1  —  (/)  (1  —(f)  [l—rf).,.,  which  Euler  proved  to  be  equal  to 

1— g-5-  +  ?H5^-(?''-  •••; 
the  general  term  being  (— )««^K3'i-±n)^  so  that  the  product,  when 
q  is  the  reciprocal  of  an  integer,  is  evidently  irrational. 

It  will  thus  have  been  seen  that  the  method  is  applicable  to  a 
considerable  number  of  series,  the  irrationality  of  which  is  not 
seen  otherwise.  Lambert's  principle,  however,  can  be  applied 
to  a  good  many  cases  by  means  of  the  following  formuhe  : — 


a,       a, a. 


^1  + 


ffo-l  + 


'/g  —  1    -f     &C. 


(2) 


which  ai'C  proved  at  onco,  since 


,-M- 


ac,--\. 


f/o  +  1  +  &c. 


so  that  the  n\X\  convergent  to  the  fraction  is  identically  equal  to 
the  first  n  terms  of  the  scries. 
From  (2)  wc  ha'/c 

1+1+1+1+..., .,_J_  :     (3) 

r"-       i-p        r'  „  ?•« 

since  r^  —  r^.r^^^-,     >v  =  ,«.,-^-«.,-y-P,  ^^cc. ; 

so  that  if  «,  /9,  7, .  .  .  nrc  such  that  the  diflfercnccs /9  — a,  7 — /?/..' 
after  some  ])oint  always  increase,  Lambert's  principle  is  a])])li- 
cable  and  the  series  is  irrational — the  same  result  as  was  obtained 
above  when  the  scries  was  written  1  4-<7<^('''-f  <^^^--^+ . . .  The 
same  reasoning  jilso  applies  when  any  of  the  signs  are  negative^ 
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Ijut  this  method  either  does  not  succeed  at  all,  or  if  it  does,  tlic 
])rocess  is  not  so  convenient,  when  there  are  coefficients  ^/^(l), 
'«/r(2),  &c.  to  the  powers  of  q.  Applying  (3)  to  the  series 
1  +  g  +  §'*  +  .  .  . ,  AN  e  have 

-.  1  1  1  1  1  /.N 


7-^+1- 


+  1- 


?-^  +  l-&c. 


This,  and  the  corresponding  fraction  when  the  alternate  terms 
of  the  scries  aie  negative,  was  given  by  Eisenstein  in  vol.  xxvii. 
p.  193  of  Crelle's  Journal,  where  he  has  applied  it  to  prove  the 
irrationality  of  the  scries.  He  has  also  proved  by  means  of  a 
continued  fraction  a  more  general  theorem,  viz.  that 


X      x^      a^ 

1  +  -  +    -4   +  -9    + 


is  irrational  whenever  r  is  an  integer,  and  o:  a  rational  fraction 
not  greater  tl'.an  unity,  while  it  has  been  sliown  above  that  the 
scries  is  irrational  if  .r  is  an  integer  not  greater  tlian  ?-^;  so  tbat 
the  methods  give  results  which,  though  they  overlap,  do  not  co- 
incide. Eisenstein  has  not  stated  how  he  obtained  the  fraction 
(4);  but  the  manner  in  which  he  has  stated  his  result  leads  to 
the  inference  that  it  was  by  means  of  treating  the  series 

111  ,,111 

-  +  ^  +    o  +  . . .  and   1  +  -  +  -^  4  -,  +  . . . 
r       ?•'       r  r       r*       /'' 

in  a  manner  analogous  to  that  of  tiuding  tlieir  greatest  common 
measure. 

In  a  k'tter  to  Jacobi  (Crelh-,  vol.  xxxii.  ]).  205),  Ilciiu'  has 
proved  Eisenstein^s  theorem  (I)  by  transformations  froni  Eukr's 
formula 

a  —  b-\-c—d-\-e—  ...  =  -        .— 

a  —  b+,      -  ,  bd 

b  —  c+—  -    . 

C—  (1+  &c. 

which  really  comes  to  the  same  thing  as  using  (2),  although  the 
work  is  miuh  longer,  reductions  &e.  being  recpiired. 

I  may  also  mention  that  the  UMial  way  of  treating  series  of  the 
same  form  as  tiiat  in  (3),  viz.  by  means  of  tlie  formula 

111  1 


^  0,  /'3         "•  ^^^  A?  f. 
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gives 

1-—  +-T-...=1  + 


whicli  on  dividing  out  superfluous  powers  of  r  gives  the  same 
form  as  (3). 

The  product  ^]~^T}^~^^V^^~'^1"  '  is  l<nown  to  be  equal 

to  l+cj  +  (/  +  (f  +  q^^+  ...  (the  exponents  being  the  triangular 
numbers),  and  this  latter  series  Eisenstein  (Crclle,  vol.  xxix.  p. 96) 
developed  into  the  fraction 
1 

;• 1     1     2 


&c. 

((/=  — ),  whence  (in  the  British-Association  Report,  1871, Trans. 

Sect.  p.  16)  I  inferred  its  irrationality  by  means  of  Lambert's 
principle.  The  irrationality  is  evident  at  sight  by  the  principle 
explained  in  this  paper;  also  (3)  gives  us  the  means  of  expand- 
ing the  series  into  another  continued  fraction,  to  which  also 
Lambert's  method  applies,  viz. 
,       111  ,1 


r-^  +  l  — 
1 


Li  another  memoir  (Crellc,  vol.  xxviii.  p.  39)  Eisenstein   has 
developed  Euler's  product  into  a  continued  fraction  as  follows: 


(-D04X-^)---^i^^ 


l+y+-Y3^3    r 

(the  alternate  denominators  being  1  — r,  1  — ;-3,  1—;-^,  ...  and 
1  +  r,  l  +  r"^,  1  +  9-^,...,  and  the  corresponding  numerators  J, 
r^,  r'^ ...  and  1,  r,  r- . . . ),  whence  he  has  inferred  its  irrationality. 
Fornuila  (1),  however,  aifords  the  means  of  obtaining  a  still 
simpler  form  for  the  product  in  question  as  a  continued  fraction  ; 
for  by  a  well-known  theorem, 

('-7)(-^)('4.)-=-;^-,-^..-r) 

1 


(r-l)(r2_l)(,3_i) 
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which  by  (1) 

to  which  also  Lambert^s  principle  applies. 

1  may  mention  that  Eisenstcin  (whose  chief  results  have  been  in- 
cidentally reproduced  above)  has  enunciated  his  theorems  without 
demonstration,  and  evidently  intended  to  return  to  the  subject, 
though  after  an  examination  of  his  subsequent  memoirs  I  feel 
pretty  certain  he  never  did  do  so.  He  states  that  he  was  in  posses- 
sion of  a  more  general  theorem;  and  I  think  it  likely  that  the  result 
he  alludes  to  was  that  marked  (3)  above,  or  some  other  continued 
fraction  of  kindred  scope,  from  which  the  irrationality  of  a  good 
many  series  could  be  deduced.  Eiseustein  must  have  been  aware 
of  the  irrationality  oi  \ -{■  q  ■{■  (f"  ■\- if  +  . . . ,  as  a])pears  from  his 
theorems  with  reference  to  series  of  a  similar  kind  given  two 
years  previously ;  but,  curiously  enough,  he  has  omitted  to  state 
it  as  a  conclusion  to  be  deduced  from  the  continued  fraction  into 
which  he  transformed  it;  and  at  the  time  of  writing  the  paper 
of  which  the  abstract  appeared  in  the  British-Association  Report, 
I  had  not  seen  his  previous  papers,  and  in  fact  did  not  know  he 
had  considered  the  subject  of  irrationality  at  all ;  so  that  I  drew 
the  inference  which  it  was  probably  merely  an  accidental  omis- 
sion that  Eisenstein  had  not  himself  jwinted  out.  The  method 
explained  in  this  paper,  however,  is  fa^'  more  simple  and  appro- 
priate in  such  cases. 

I  may  mention  that  Eisenstein  also  gave  another  continued 
fraction  for  the  series  with  squares  as  exponents,  viz. 

1       111,  1      , 

r       r^       1''  1 1—?-*      , 

r -, —      1 


resembling  that  given  by  him  for  1  +  -  +  -,a  +  7,+  ... 

It  is  interesting,  in  conclusion,  to  note  that  the  method  ex- 
plained above  gives  the  proper  result  for  the  geometiieal  series 
I  ^fy»^^/*-!'-f  ^y-"-!-  .  . .,  which  would  be  written  in  the  scale  of 
radix  r  l-OO  . .  .  100  ...  1  (a  — 1  ciphers  in  each  group),  which 

f/ocs  circulate,  as  of  course  it  ought  to  do,  since  the  sum  '«  1  _  „  • 

CnmbridKC,  Fcbnuirv  11,  1^7't. 
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XXV.  On  a  Mdhoduf  Testing  Submarine  Telegraph  Cables  during 
Paying-out.  By  Thomas  T.  P.  13ruce  Waiiren,  Electrician 
to  Hooper's  Telegraph  J  Forks,  Limited;  Member  of  the  Society 
of  Tclegrajjh  Engineers  *. 

IT  is  a  singular  circumstance  that  although  within  the  last 
few  years  we  have  becuQie,  as  it  were,  inundated  with  new 
appliances  for  testing  submarine  telegraph-cables  during  their 
manufacture,  so  little  has  been  effected  towards  the  improve- 
ment of  electrical  testing  during  the  paying-out. 

Apart  from  the  uncertainty  which  has  lately  been  shown  to 
exist  in  galvanometric  measurements  themselves,  there  are  many 
little  difficulties  to  encounter  when  testing  on  board  ship,  which 
at  times  are  so  embarrassing  as  to  make  one  forego  a  very  large 
share  of  conlidence  in  the  results.  The  electrical  condition  of 
the  cable  must  consequently  be  a  matter  of  great  anxiety,  until 
a  steady  observation  enables  the  electrician  to  decide  that  every 
thing  is  all  right. 

The  practice  has  hitherto  been  to  make  the  duties  at  the 
shore  station  too  subsidiary  a  matter  in  the  system  of  testing, 
instead  of  relying  upon  the  results  obtained  on  shore  as  of 
primary  importance.  Considering  the  facilities  offered  when 
the  instruments  are  perfectly  at  rest  and  consequently  admit  of 
much  more  accurate  adjustment  and  indication  than  is  possible 
on  .the  ship,  it  is  evident  that  we  should  look  to  the  shore 
observations  with  an  equal,  if  not  greater  interest. 

In  the  present  systems  of  testing,  the  shore  operations  have 
been  usually  so  formulated  that  any  separate  or  independent 
observation  is  quite  inadmissible,  and,  unless  distinctly  and 
definitely  preconcerted  by  the  ship,  would  lead  to  serious  results. 

Any  system  of  testing  on  the  ship  shoukl  be  capable  of  being 
synchronously  carried  on  at  the  shore  station  without  impeding 
any  modified  operation  required  on  the  ship ;  and  either  the  ship 
or  shore  should  be  capable  of  being  made  the  contrulling 
station,  and  in  such  a  way  as  not  to  interfere  with  each  other. 

The  electrician  has  to  provide  for  two  kinds  of  faults,  one  of 
which  is  brought  about  by  the  rupture  of  the  conductor,  and 
the  other  by  a  flaw  or  defect  in  the  dielectric. 

Tlie  rupture  of  the  conductor  involves  the  cessation  of  signals 
from  one  end  to  the  other,  and  may  be  either  accompanied  by 
or  without  defective  insulation  on  one  or  both  sides  of  the  broken 
conductor. 

As  the  shore  must  transmit  its  results  to  the  ship  telegraphi- 
cally, it  is  evident  that  in  the  case  of  "no  continuity -"^t  the  ship 

*  Communicated  by  the  Author. 

t  The  technical  expression  for  a  broken  conductor. 
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must  follow  out  its  own  system  of  testing  for  the  position  of  the 
rupture  in  the  conductor;  the  only  provision  which  can  be  made 
by  the  shore  station,  in  helping  the  ship  to  determine  the  posi- 
tion of  such  a  fault,  is  in  sending  "  continuity ''^-signals  as  often 
as  possible,  so  that  the  siiip,  at  any  time  failing  to  receive  them, 
can  pronounce  upon  the  position  of  the  rupture  without  any  loss 
of  time. 

The  following  system  of  "  continuity  "-signals,  suggested  by 
the  author  in  an  article  which  appeared  in  'Engineering,' 
April  24,  1868,  serves  at  the  same  time  to  inform  the  ship  and 
shore  station  whether  the  conductor  is  perfect  or  broken.  The 
great  advantage  of  this  system  is  that  it  leaves  the  electrified 
condition  of  the  cable  undisturbed  during  the  intervals  of  sig- 
nalling. 

The  shore  end  of  the  cable  being  landed,  the  conductor,  or  a 
prolongation  of  it,  is  attached  to  an  insulated  pin  ;  and  at  a  suit- 
able distance  from  it  is  fixed  another  insulated  pin  which  is  con- 
nected through  a  delicate  galvanometer  to  earth;  between  these 
two  pins  an  insulated  pendulum  is  made  to  vibrate. 

The  pendulum  on  touching  the  pin  connected  with  the  cable, 
takes  from  it  a  certain  proportion  of  its  charge,  and  during  its 
oscillation  empties  it  into  the  pin  which  is  connected  to  the 
galvanometer. 

The  capacity  of  the  pendulum  is  first  fixed  upon  for  the 
length  and  electrostatic  relation  of  the  cable.  Increased  capa- 
city may  be  given  to  the  ])endulum  by  attaching  to  it  a  con- 
denser of  suitable  electrical  dimensions. 

It  will  be  sufficient  to  insulate  from  the  other  poitions  of  the 
pendulum  that  part  which  is  concerned  in  making  the  contacts. 

On  contact  with  the  end  of  the  cable  by  the  pendulum,  a  mo- 
mentary incretise  in  the  deficction  will  be  observed  on  the  galvano- 
meter in  the  ship,  arising  from  the  sudden  increase  of  capacity ; 
and  this  will  continue  as  a  constant  range  of  variation  in  the  angu- 
lar deflection  due  to  leakage  on  the  cable  itself.  By  means  of 
these  slight  motions,  a  "  test  of  continuity  "  is  kept  up  without 
interfering  with  the  test  of  insulation  which  is  always  kept  on 
in  the  shij).  The  observer  on  shore  is  enabled  to  know  with 
j)0sitivc  certainty  the  electrical  condition  of  the  cable  by  allow- 
ing the  abstracted  charges  to  flow  to  earth  through  the  galvano- 
m(  tcr,  occasionally  noting  the  deflection. 

If  the  conductor  parted,  and  at  the  same  time  each  end  remained 
insuhited,  the  observer  at  the  shore  end  would  continue  to  get 
nulieations  on  his  galvanometer  ;  but  the  intermittent  rise  and 
fall  in  the  galvanometer  deflection  in  the  ship  would  imme- 
diately cease,  and  the  engineer  would  know  the  exact  moment 
that  tlic  continuity  ceased. 
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The  observer  on  shore  would  very  soon  observe,  by  the  deflec- 
tion on  his  galvanometer  becoming  gradually  but  very  regu- 
larly lessened,  that  the  conductor  had  parted,  and  the  end  on  the 
shore  side  was  enclosed  in  the  insulator.  If,  on  the  other  hand, 
the  deflections  suddenly  ceased,  he  would  further  know  that  the 
conductor  had  parted  and  was  exposed. 

In  practice  it  is  found  preferable,  instead  of  automatically 
connecting  the  condenser  with  the  cable  and  galvanometer,  to 
use  an  ordinary  charging  and  discharging  key,  and  to  perform 
this  test  at  intervals  of  every  five  minutes.  According  to  Mr. 
Latimer  Clark  (Electrical  Measurement,  &c.)  this  was  carried 
out  on  the  Atlantic  cables  in  1866,  although  it  was  perfectly 
unknown  to  the  author  at  the  time  this  article  appeared. 

In  the  present  method  it  is  proposed  to  obtain  "continuity  "- 
indications  on  the  shore,  and  at  the  same  time  to  measure  the 
tensions  of  the  end  at  the  shore  by  means  of  Sir  William  Thom- 
son's quadrant-electrometer. 

Now,  since  the  conductor  of  a  cable  may  be  parted  with  insu- 
lation still  perfect,  the  electrometer  should  be  capable  of  show- 
ing the  fall  of  tension  in  20  or  30  seconds  on  the  highest  degree 
of  insulation ;  but  an  electrometer  with  this  degree  of  sensi- 
bility could  not  be  used  in  the  ordinary  way,  when  the  cable  is 
connected  on  the  ship  with  100,  or  any  number  of  cells  usually 
employed;  for  the  tension  of  the  cable  at  the  shore  end  would 
repel  the  needle  in  one  direction  completely  beyond  the  range 
of  being  read. 

In  order  to  obviate  this,  the  end  of  the  cable  is  to  be  connected 
to  one  pair  of  quadrants,  and  to  the  other  pair  a  battery  in  all 
respects  similar  to  the  testing  battery  on  the  ship.  If  the  tension 
of  the  ship's  battery,  as  found  at  the  shore  end  of  the  cable,  be 
such  as  to  balance  the  opposing  battery  on  the  shore,  the  electro- 
meter will  maintain  its  zero  position  ;  and  if  we  could  be  sure  of 
setting  up  any  ordinary  testing  battery  in  two  places  and  at 
different  times  alike,  we  should  be  able  at  once  to  obtain  a  most 
accurate  comparison  of  the  tensions  at  the  two  ends  of  the  cable. 

The  shore-electrometer  being  used  in  this  way,  the  slightest 
flaw  which  could  not  be  possibly  recognized  on  the  ship's  galva- 
nometer would  be  easily  detected,  and  in  deep  water  a  long  time 
before  it  could  possibly  reach  the  bottom. 

In  this  way,  by  one  single  observation,  the  shore  obtains  a 
continuity  test,  an  insulation  test,  and  at  the  same  time,  should 
any  thing  go  wrong,  the  adjustment  required  to  bring  the  elec- 
trometer-needle to  its  zero  ])osition  supplies  the  data' for  locali- 
zing any  defect  which  might  arise.  Should  the  shi])  wish  to  open 
communication  with  the  shore,  the  same  instrument  is  at  once 
ready  to  receive  a  "call"  signal,  or  a  complete  but  simple  message. 
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Not  to  rely  solely  upon  the  electrometer  for  the  measure- 
ments of  tensions,  a  modification  of  the  condenser  method  pre- 
viously described,  and  which  will  serve  equally  well  to  convey 
continuity-signals  to  the  ship,  will  supply  a  check-measurement 
of  these  tensions,  and  in  a  way  so  as  to  give  at  once  continuity- 
indication  to  the  ship  and  the  tension  in  volts  to  the  shore 
observer. 

The  charge  abstracted  from  the  cable  in  one  condenser  is  sent 
through  a  delicate  galvanometer  in  one  direction,  simultaneously 
that  a  condenser  of  similar  capacity,  charged  to  the  same  tension 
from  a  constant  battery,  flows  in  the  other  direction;  a  current 
will  be  perceptible  on  the  galvanometer  flowing  from  one  con- 
denser to  the  other,  should  they  not  be  charged  to  the  same 
tension.  The  changes  due  to  the  galvanometer  itself  will  not 
interfere ;  and  thus  not  only  will  a  considerable  amount  of  irk- 
some testing  and  calculating  be  avoided,  but  the  results  them- 
selves be  more  accurate. 

These  tensions  will  be  telegraphed  to  the  ship  at  stated  times. 
The  tension  of  the  ship^s  battery  will  be  carefully  measured  on  a 
delicate  portable  electrometer  on  board  ship  for  comparison  with 
the  results  sent  from  the  shore  station.  The  fall  of  tension  on 
the  cable  can  then  be  simultaneously  noted  on  the  shore  as  well 
as  on  the  ship ;  and  during  this  time  the  continuity-signals 
need  not  be  interrupted,  as  the  sensibility  of  the  ship's  elec- 
trometer will  allow  the  small  impulses  to  be  noted,  but,  instead 
of  in  a  current  form,  either  by  regular  and  equal  abstrac- 
tions of  charge,  or  by  the  shore  attendant  at  stated  times  re- 
storing the  full  tension.  This,  in  addition  to  forming  a  perfect 
continuity-signal,  will  at  once  indicate  to  the  ship  the  loss  ob- 
served on  shore  during  any  speciticd  space  of  time.  In  the  same 
way  the  ship  may  inform  the  shore  observer;  and  both  will  be 
able  to  verify  or  compare  their  results. 

Any  difference  of  tension  can  thus  be  instantly  communicated 
from  shore  to  ship,  or  vice  versa,  without  the  necessity  of  sig- 
nalling the  results  as  noted  by  the  sliding  resistances  or  by  the 
condenser  method;  the  signal  itself  will  convey  all  the  data  re- 
quired by  the  ship,  should  this  difference  of  tension  arise  from 
the  existence  of  a  fault. 

The  reduction  and  comparison  of  these  tensions  should  in 
every  case  be  made  with  the  constant  cells  of  ]\Ir.  Latimer  Clark. 
No4V  the  ship  and  the  shore  doing  this  indij)cndently  of  each 
other,  shojdd  still  arrive  at  the  same  result,  so  long  as  every  thing 
remains  right ;  but  in  the  event  of  a  sliglit  fault  occurring,  the 
two  results  will  not  coincide,  and  the  difference  observed  will 
correspond  to  the  magnitude  of  the  fault;  and  as  the  precise 
tension  at  the   fault  can  be  measured  from  cither  end,  the 
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difficulty  should  be  considerably  diminished  in  localizing  small 
faults. 

The  balancing  of  the  ship^s  battery  on  the  shore-electrometer 
by  a  similar  battery  stationed  on  shore,  should  be  done  either 
with  a  set  of  ordinary  resistance- coils,  or,  preferably,  by  a  set  of 
Sir  William  Thomson^s  resistance-slides. 

The  points  for  consideration  arc,  that  the  battery  which  has 
the  highest  potential  should  be  bridged  over  with  a  resistance 
sufficiently  high,  so  that  it  may  be  impossible  to  produce  any  ap- 
preciable alteration  whilst  the  test  is  being  applied*.  The  same 
remark  applies  to  the  constant  cells  employed  to  balance  the  dis- 
charge from  the  condenser  used  for  the  continuity-signals ;  for 
this  purpose,  too,  it  will  be  useful  occasionally  to  take  the  con- 
denser-tensions on  the  quadrant-electrometer  with  the  resistance- 
slide  and  constant  cells  in  opposition.  The  insulation  of  the 
condensers  should  be  so  perfect  that  no  loss  can  be  perceptible 
during  the  time  of  making  these  tests;  and  they  should  also, 
on  this  account,  be  properly  and  completely  charged,  whether 
from  the  cable  or  batteries.  AVhen  using  the  condensers  with 
the  ship^s  electrometer  for  continuity-signals  to  shij),  it  is  equally 
important  that  they  should  be  completely  discharged.  Any  ten- 
dency in  the  condensers  to  give  too  great  residual  discharges 
should  be  carefully  studied  beforehand,  and  their  effect  on  the 
portable  electrometer  well  ]ioted. 

The  constant  cells  used  on  the  ship  and  on  shore,  and  also 
the  electrometers,  should  all  be  very  carefully  compared  by  test- 
ing against  each  other  a  short  time  before  the  paying-out 
commences. 

The  method  here  given  for  measuring  the  discharges  from  the 
condenser  will  serve  as  an  efficient  test  for  comparing  batteries ; 
it  involves,  however,  that  their  resistances  should  be  ascertained. 
A  great  advantage  in  favour  of  this  plan  is,  that  when  the  elec- 
tromotive forces  of  the  cells  to  be  compared  are  nearly  the  same, 
the  resistances  with  which  the  stronger  cell  is  bridged  over  will 
be  quite  incapable  of  producing  any  alteration  in  its  electromo- 
tive force. 

Tamworth  House, 
Mitcham  Common. 

*  The  battery  on  shore  shouhl  contain  a  siifrieient  number  of  cells  above 
that  on  the  ship,  so  as  to  be  capaljleof  beiu^  bahmeeclaijaiust  m\\  iuereaso 
of  tcnsioa  from  the  ship's  battery. 
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XXVI.   On  the  Pressure  required  to  give  Rotation  to  Rifled  Pro- 
jectiles. By  Captain  Noble^  F.R.S.  ^'c.  {late  Royal  Artillery)^. 

[With  a  Plate.] 

1.  TN  a  paper  published  in  the  Philosophical  Magazine  for  1863 
J-  (vol.  xxvi.)j  and  subsequently  in  the  Revue  de  Technologic 
Militaire,  I  gave  some  investigations  on  the  ratio  between  the 
forces  tending  to  produce  translation  and  rotation  in  the  bores 
of  ritled  guns. 

2.  My  object  in  these  investigations  was  to  show,  1st,  that  in 
the  rifled  guns  with  which  experiments  were  then  being  made 
the  force  required  to  give  rotation  was  generally  only  a  small 
fraction  of  that  required  to  give  translation  ;  2ndlyj  that  in  all 
cases  (and  this  was  a  point  about  which  much  discussion  had 
taken  place)  the  increment  of  gaseous  pressure  (that  is,  the  in- 
crease of  bursting  force)  due  to  rifling  was  quite  insignificant. 

3.  In  the  paper  referred  to,  although  the  formulnc  were  suffici- 
ently general  to  embrace  the  various  systems  of  rifling  then  under 
consideration  in  England,  they  did  not  include  the  case  of  an 
increasing  twist,  which  has  since  been  adopted  for  the  8-inch  and 
all  larger  guns  of  the  British  service ;  neither  was  our  knowledge 
of  the  pressure  of  fired  gunpowder  sufficient  to  enable  me  to 
place  absolute  values  on  either  of  the  forces  I  was  considering. 

4.  Since  the  date  at  which  I  wrote,  an  extensive  series  of  exi)c- 
riments  has  been  made  in  this  country;  and  the  results  of  these 
experiments  enable  mc  to  give  with  very  considerable  accuracy 
both  the  ])ressure  acting  on  the  base  of  the  projectile  and  the 
velocity  at  any  point  of  the  bore.  I  am  therefore  now  able  not 
only  to  assign  absolute  values  where  in  my  former  ])apcr  I 
only  gave  ratios,  but  also  to  show  the  aaiount  by  which  the 
studs  of  the  projectiles  of  heavy  guns  have  been  relieved  by  the 
introduction  of  the  accelerating  twist  known  as  the  parabolic 
system  of  rifling. 

5.  Very  liltle  consideration  will  satisfy  any  one  conversant 
with  the  subject,  that  in  the  ordinary  uniform  s])iral  or  twist  the 
pressure  on  the  studs  or  other  driving-surface  is  a  maximum 
when  the  pressure  on  the  base  of  the  shot  is  a  maximum,  and 
beconus  greatly  reduced  during  the  passage  of  the  shot  from  its 
scat  to  the  muzzle  of  the  gun.  In  my  former  pa])er  I  showed,  in 
fact,  that  in  a  uniform  twist  the  pressure  on  the  studs  was  a  con- 
stant IVacticju  of  th(;i)rcssiM('  on  the  base  of  the  shot,  tin;  value  of 
the  fraction  of  course  depending  on  the  angle  of  the  rithng  ;  and 
as  it  is  evident  that  the  tension  of  the  powder-gases  at  the  nujzzle 
ia  very  small  when  compared  with  the  tension  of  the  same  gases 

•  Communicated  by  tlic  Aiitlior. 
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mence  at  zero,  it  will  be  found  move  convenient  to  make  the 
plane  of  xy  pass  through  the  point  where  the  twist  would  be 
zero  w^ere  the  grooves  sufficiently  prolonged.  Let  the  axis  of  x 
pass  through  one  of  the  grooves ;  and^for  the  sake  of  simplicity,  we 
shall  suppose  the  rifling  to  be  given  by  one  groove  only.  Let  the 
axis  of  z  be  coincident  with  that  of  the  gun ;  let  A  P  (see  fig.  1) 
be  the  groove  or  curve  described  by  the  Tig.  1. 

point  P,  and  let  P  [x,  y,  r)  be  the  point 
at  which  the  resultant  of  all  the  pressures 
tending  to  produce  rotation  may  be  as- 
sumed to  act  at  a  given  instant.  Let  the 
angle  AON  =  (/). 

11.  Now  the  projectile  in  its  passage 
through  the  bore  is  acted  on  by  the  fol- 
lowing forces : — 

1st.  The  gaseous  pressure  G,  the  re- 
sultant of  which  acts  along  the  axis  of  z. 

2nd.  The  pressure  tending  to  produce 
rotation.      Calling  this   pressure   R,  and    . 
observing  that  it  will  be  exerted  normally   / 
to  the  surface  of  the  groove,  we  have  for-x 
the  resolved  parts  of  this  pressure  along 

the  coordinate  axes,  II  cos  X,  Rcos/a,  and  E.  cos  v — \,  fi,  and  v 
being  the  angles  which  the  normal  makes  with  the  coordinate 
axes. 

3rd.  The  friction  between  the  stud  or  rib  of  the  projectile 
and  the  driving-surface  of  the  groove.  This  force  tends  to  re- 
tard the  motion  of  the  projectile;  its  direction  will  be  along  the 
tangent  to  the  curve  which  the  ])oint  P  describes.  If //,  be  the 
coefficient  of  friction,  and  if  «,  /?,  7bcthe  angles  which  the  tan- 
gent makes  witli  the  coordinate  axes,  the  resolved  portions  of 
this  force  arc  /i,Il .  cos  «,  ^jll .  cos  /8,  /x,ll .  cos  7. 

12.  Summing  up  these  forces,  the  forces  which  act 
parallel  to  x  arc  X  =  ll .  {cos\— )u,  cos  «}, 

„         y    „    Y  =  ll.  {cos/x-/i,cos/^}, 
„        z   „    Z  =  G  +  ll.  {cosj/  — /i,cos7}; 
and  the  equations  of  motion  are 

^P  =G+lMf^"si/-/i,  cosy],  . 

(l'<^  __  Y.r-Xy 

dt"^  ~       p*      ' 

p  being  the  radius  of  gyration.     Equations  (J),  (2) 
identical  with  those  1  formerly  gave. 

13.  Now,  in  the  case  of  a  uniformly  increasing  twist,  the 
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■     (1) 

.     .     (3) 
and  (3)  are 
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equations  to  the  curve  \\\\\c\\  when  developed  ou  a  p'ane  surface 
is  a  ]5ari.b :)la  may  be  put  ui.der  tl.e  form 

a:  =  r  cos  (j) ;     7;  =  ;-5rin^;     ;:^  =  /ir<^. 
Ilcnce 

ch=^  — /•  sin  (ji  .(Ifji ;     dy  =  y  cos  d)  .df); 

A/- 


(^■) 


and  we  hove,  to  determine  the  angles  which  the  tangent  to  the 
curve  described  by  P  makes  with  the  coordinate  axes,  the  equa- 
tions 

dx      —  S^r.sind)     ^ 

dy      2r .  cos  ^ 


cos/3  = 


cos  y  = 


ds       \^4z^  +  h 
dz  k 


)■ 


J 


(5) 


14. 


ds       V4z^  +  k^ 
In  the  Vroolwich  guns  the  driving-surface  of  the  groove 


may  be  takcn^  without  sensible  error,  as  the  simpler  form  of  sur- 
face where  the  normal  to  the  driving-surface  is  perpendicular  to 
the  radius,  the  surface  itself  being  generated  by  that  radius  of 
the  bore  which,  passing  perpendicularly  through  the  axis  of  z, 
meets  the  curve  described  by  the  point  P  ;  but  in  the  first  in- 
stance I  shall  examine  the  more  general  case,  where  the  normal 
makes  any  assigned  angle  with  the  radius. 

Assume  then  that  on  the  plane  of  xij  the  normal  makes  an 
angle  B  with  the  radius  of  the  gun.  The  driving-surface  of  the 
groove  is  then  swept  out  by  a  straight  line  which,  always  re- 
maining parallel  to  the  plane  ofay,  intersects  the  curve  described 
by  P,  and  touches  the  right  cylinder  whose  axis  is  coincident 
with  that  of  z,  and  whose  radius  =;• .  cos  8. 

Now,  the  equations  to  the  director  being  given  by  (4),  and 
that  to  the  cylinder^  which  the  generator  always  touches,  being 

x''+}/={rcosBf, (6) 

it  is  easily  shown  that  the  coordinates  .r,,  //,  of  the  point  of  con- 
tact of  the  tangent  to  the  cylinder  drawn  from  P  parallel  to  the 
plane  xi/,  are 

a?i  =  r  .  cos  8  .  cos  (^  — S),"| 

?/j  =  r  .  cos  S .  sin  (^  — 5),J  *  '  *  *  ^'^ 
and  that  the  equation  to  the  driving-surface  is 


X  ,  cos 


■'{s-^} +!'•''"'{/■;-'*}  =  ''-'°'^- 


(S) 
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15.  The  au2;les  which  the  normal  to  this  sarface  make  with 
the  coord  inate  axes  are  given  by 


COS  X=  — ,  T^v, 


rn 


with  similar  expressions  for  cos  /x  and  cos  v.     But 

Therefore  the  angles  which  the  normal  to  the  driving-surface 
makes  with  the  axes  are  given  by 


k .  cos 


eosX=  — 


/-2        \ 


cos  /.i  = 


COS  v  = 


^4/''(siuS)2  +  A2'  j 

-/d.^^ (sin  8)2  +  ^2' 

2.? .  siu  S 
V4^(smr8p^F' 


(9) 


IG.  Substituting  in  (2)  and  (3)  the  values  given  for  a,  (3,  y, 
X,  a,  V  in  (ij)  and  (9),  tlie  equations  of  motion  become 


Tj-    d'^z     ^     „  r         2c  sin  8 
dt'  Iv/4c2fsin8)^ 


+ 


/i,y 


(sin8)*  +  /c2      -v/lc^  +  yt 


,}.  .    (10) 


and  from  (11), 


M.p'2 


r/'(^ 


y~r         />" .  sill  8  2/Lt,j       P 

1  \^Az'  (sin  8)'^  +  k'  ~  V-i-z'  +  k'  J 


'  <// 


r-  (»-^) 


17.  To  determine    ,^ 
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From  (4),  kr<f)  =  z^, 


and  substituting  this  value  of  -7^  in  (12), 


11  = 


2Mp^ 


{-'S-'}' 


L  ^4/^  (sin  h)  ^  +  yt2       V  4^2  ^  /.a  J 
or,  for  brevity, 

or,  substituting  the  vahie  of  ^  derived  from  (10), 

_.   rG.2r_Rr/         2^.sinS  fl^k      \ 

I'M"  ~  IT  Vv/4^2  (sin  8)^+1^  "^  V^F+PJ  "^  "^ 
and  from  this  expression  may  be  deduced 

2p''\Gz  +  nvH 

R  = L_J i nA\ 

(^V  +  4pV)sm8     2fi^kz{p^^-r^  '  '     '     ^  ^ 

18.  Equation  (14)  gives  the  pressure  acting  between  the 
studs  or  rib  of  the  projectile  and  the  driving-surface  of  the 
groove  at  any  point  of  the  bore,  and  for  any  inclination  of  the 
driving-surface ;  but,  as  before  stated,  in  the  "Woolwich  guns 
the  normal  to  the  driving- surface  (that  is,  the  line  of  action  of 
R)  may,  without  material  error,  be  considered  as  perpendicular 
to  the  radius. 

If  in  (14)  8  be  put  =90°,  the  equation  is  simphfied  ;  and  the 
resulting  expression  gives  the  total  pressure  on  the  studs  for  the 
Woolwich  guns. 

Putting  then  8  =  90°,  (14)  becomes 

2p^v^4r^  +  A^(Gg  +  Mt;^) 
^^-kr^[k-%n,,z)^2p-'z{:Zz  +  ^,k)'       •     •     (^^) 

19.  Compare  now  (14)  and  (15),  the  equations  giving  the 
Phil.  May.  S.  4.  Vol.  45.  No.  299.  March  1873.  P 
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pressure  on  the  studs  for  parabolic  rifling,  with  the  equations 
sul)sisting  where  a  uniform  twist  is  used. 

For  a  uniform  twist  we  have,  as  I  formerly  showed, 

where  h  is  the  pitch  of  the  rifling,  k  the  tangent  of  the  angle 
which  the  groove  makes  with  the  plane  of  xi/,  the  other  con- 
stants bearing  the  meaning  I  have  already  assigned  to  them  in 
this  investigation. 

20.  In  the  Woolwich  guns,  where  8  =  90°,  (16)  becomes 

H-  27rpVrfF  ^  ,,y. 

hr{k-fi^)+27rpHfi.,k+l)'     '     •     •      V     >» 

21.  I  proceed  to  apply  these  formulae,  and  propose  to  examine 
what  are  the  pressures  actually  required  to  give  rotation  to  a 
400-lb.  projectile,flred  from  a  10-inch  gun  with  battering  charges, 
under  the  following  conditions: — 1st.  If  the  gun  be  rifled  with 
an  increasing  twist  as  at  present.  2nd.  If  it  be  rifled  with  a 
uniform  pitch,  the  ])r()jectile  in  both  cases  being  supposed  to 
have  the  same  angular  velocity  on  quitting  the  gun.  As  the 
calculations  for  the  uniform  pitch  are  the  snnpler,  I  shall  take 
this  case  flrst. 

22.  I  have  l)cfore  remarked  that  with  a  uniform  twist  the 
pressure  on  the  studs  of  the  projectile  is  a  constant  fraction  of 
that  un  the  base  of  the  shot,  and  represents,  so  to  speak,  on  a 
reduced  scale,  tlie  pre  ssurc  existing  at  any  point  in  the  bore  of 
the  gun.     Calling  the  fraction  in  equation  (17)  C,  wc  have 

ll  =  C.G, (18) 

where 

C  = 27rpVIT^ =.01426,    .     .     (19) 

Ihe  values  of  the  constants  in  (19)  being  in    the  case  of  the 
10-inch  gun  as  follow  : — 

p  =  -;5]':  n.,    /  =  12-732,  //  =  33-3:53  ft.,   r  =  -417ft.,  /J,^=•]G7. 

Hence 

11=  011:26.  (i (20) 

23.  Hut  the  \alucs  of  G  are  known  with  very  considerable 
cxactn«-ss  from  the.  investigations  oi"  tl;(!  Explosive-  Committee 
under  the  presidency  of  ('(>h)nil  Younghusband.  The  following 
Th1)1<;  givcH  the  value  of  ((J  that  is,  the  total  pressure  in  tons 
acting  on  the   base  ol   the   piojeetih)   \'ov  a  charge  of  85  lbs.  of 
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pebble-powder  at  various  points  of  the  bore,  and  the  corre- 
sponding values  of  R.  It  will  be  remarked  how  high  the 
pressure  on  the  studs  is  when  that  on  the  base  of  the  shot  is  a 
maximum,  and  how  rapidly  the  strain  decreases  as  the  shot 
approaches  the  muzzle. 

Table  showing  the  pressure  on  the  studs  in  a  lO-incA  British- 
service  gun  rifled  with  a  uniform  twist,  calculated  from  (17). 


Travel  of  shot, 
in  feet. 

Total  pressure  G 

on  base  of  shot, 

in  tons. 

Value  of  C. 

Value  of  R,  or 

total  pressure  on 

studs,  in  tons. 

0000 

0 

•04426 

0 

0-333 

1547 

68-5 

0-9J5 

1077 

47-7 

1-834 

781 

34-6 

2-723 

621 

27-5 

3612 

510 

22-6 

4-500 

424 

18-7 

5-389 

356 

15-8 

G-278 

305 

13-5 

7-167 

268 

11-8 

8055 

240 

10-6 

8-944 

220 

9-7 

9-833 

205          j              „            1            9-1            1 

1                                                       1 

24.  The  results  in  the  Table  show  the  pressures  required  to  give 
rotation,  if  the  10-inch  gun  be  rifled  on  a  uniform  twist.  1  turn 
now  to  the  rifling  as  it  actually  exists,  and  which  is  defined  to 
be  a  parabolic  twist,  commencing  with  one  turn  in  100  calibres 
and  terminating  at  the  distance  of  9*833  feet  with  a  twist  of  one 
turn  in  40  calibres ;  and  first  to  determine  the  equation  to  the 
parabola. 

Let  the  origin  be  at  the  point  where  the  twist  vanishes  when 
the  curve  AB  is  sufiiciently  prolonged — that  is,  at  the  vertex  of 
the  parabola.     Let  0  z  and  0  y'  be  the  axes  of  coordinates  j  let 

Fig.  2. 


0  A'=^,,  O  B'  =  ^2  ;  let  tan  ^,  be  the  tangent  of  the  angle  wliich 
the  curve  makes  with  Oz  at  A,  and  tan  6^  be  the  corrcspoud- 
iuii:  taiie;ent  at  B. 

r2 
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Then,  from  the  definition  of  the  parabolic  twist, 

A'  .     . 

-y%  =  constant  =  c,  suppose ; 

dy' 
dz 


and 


(21) 
(22) 


But,  from  (21), 

tan  ^2  =  c^-j)  and  tan  6^  =  cz-^ ; 

.».c=^^"^^-^^"^^=>047925. 


Zr,  Z. 


Comparing  (22)  with  the  form  of  this  equation  given  in  (4), 

2 
z^  =  kr(f),  we  have  y^=r^  and  /;=  —  =417*3. 

Hence  the  equation  to  the  development  of  the  parabolic  rifling 


is 


5S=417-3?-(^, 


(23) 


and  Zi  the  distance  of  the  origin  from  the  commencement  of  the 

rifling  = ^  =6'555  feet. 

c 

25.  As  in  the  last  case,  I  place  in  the  form  of  a  Table  the  results 
given  by  (15)  for  diff'ereut  values  of  z.  The  values  of  the  con- 
stants are,  r  =  -417  feet,  A  =  417-3,  p  =  -312  feet,  /i,  =  -167, 
M  = -00555. 

Table  showing  the  pressure  on  the  studs  in  a  lO-inch  British-service 
yun  rifled  with  a  parabolic  twist  commencing  at  one  turn  in  100 
calibres  and  terminating  at  one  turn  in  40  calibres,  calculated  from 

(15). 


Value  of  z,  the 
distance  from 

Corresponding 
travel  of  the  shot 

Corresponding 
velocity  of  shot, 

Total  pressure 
on  base  of  shot, 

Value  of  R, 
or  total 

the  origin,  in 
feet. 

in  tiie  horc,  in 
feet. 

in  feet. 

in  tons. 

studs,  intons. 

6-555 

OOOO 

0 

0 

0 

C-HH8 

()•.•{;};{ 

411 

1547 

31-2 

7-.'i()0 

((•!i45 

675 

1077 

287 

8;{8!) 

1-834 

873 

781 

290 

y-278 

2723 

992 

621 

30-2 

10-167 

3  612 

1078 

510 

31-4 

11  055 

4  500 

1146 

424 

323 

11-944 

5-389 

1200 

350 

33-0 

12-833 

6278 

1245 

305 

33-8 

i;i-722 

7-167 

1282 

208 

345 

14-610 

8  055 

1311 

240 

35-2 

15-499 

8-944 

1333 

220 

35-8 

16-388 

9-833 

1349 

205 

363 
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26.  From  an  examination  of  the  values  of  R  given  in  this  Table, 
it  will  be  seen  that  the  total  pressure  on  the  driving-surface 
reaches  about  31  tons  shortly  after  the  commencement  of 
motion,  and  the  projectile  quits  the  bore  with  a  pressure  of 
about  36  tons.  With  the  view  of  making  the  variations  which  the 
pressures  undergo  more  readily  comparable,  I  have  laid  down  in 
Plate  VI.  the  curves  derived  from  equations  (15)  and  (17)  for 
the  battering  charge  of  pebble-powder. 

From  these  diagrams  the  pressures  on  the  driving-surface 
at  any  point  of  the  bore,  both  for  the  uniform  and  parabolic 
twists,  can  be  seen  by  simple  inspection.  The  line  of  abscissae 
gives  the  travel  of  the  shot,  and  the  ordinates  give  the  corre- 
sponding total  pressure  on  the  studs. 

The  curves  show  that  with  the  uniform  spiral  the  pres- 
sure on  the  studs  reaches  nearly  70  tons  after  a  travel  of  '3 
feet,  rapidly  falling  to  about  9  tons  at  the  muzzle,  while  with 
the  parabolic  rifling  the  pressure  at  '3  feet  of  travel,  correspond- 
ing to  the  point  of  maximum  pressure,  is  only  31  tons.  The 
pressure  then  falls  slightly  and  amounts  to  28  tons  at  about  1 
foot  travel :  thence  it  gradually  increases  to  a  maximum  of  36 
tons  at  the  muzzle. 

By  way  of  comparison,  I  have  added  in  the  Plate  a  curve 
showing  the  pressures  required  to  give  rotation  to  a  400-lb. 
projectile  fired  from  the  10-inch  gun  with  uniform  twist  when 
R.  L.  G.  instead  of  pebble-powder  is  used. 

The  curve  in  this  case  is  of  the  same  nature  as  that  derived 
from  the  pebble-powder ;  but  the  variation  is  greater,  the  maxi- 
mum pressure  being  much  higher  and  the  muzzle-pressure, 
owing  to  the  smaller  charge,  somewhat  less. 

27.  To  one  more  point  it  is  worth  while  to  call  attention. 

If  the  gun  were  a  smooth-bore  gun,  the  equation  of  motion 
would  be 

M.^=G'; (24) 

and  comparing  this  equation  with  (10),  we  have,  on  the  sup- 
position *  that  the  velocity  increments  in  both  cases  are  equal, 

or,  in  the  case  of  the  Woolwich  gun,  where  8  =  90°, 

«=«'+'^-{vStI'}' <'•" 

*  Were  the  velocity  increments  not  supposed  equal,  the  reduction  of 
pressure  due  to  the  suppression  of  riding  would  be  less  than  that  given  in 
the  text. 
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and  the  interpretation  of  these  equations  is  that  the  gaseous 
pressure  in  the  rifled  guns  (rilled  with  the  parabolic  twist)  is 
greater  than  that  in  the  smooth-bored  gun  by  the  second  term 
of  the  right-hand  member  of  the  equation. 

28.  The  corresponding  equations  for  a  uniform  twist  are 

l.v/Fa-(sinS)2       -v/l  +  ytaj' 
or,  if  8  =  90°, 

G=G'  +  R/^>i±l\ (28) 

29. 1  shall  now  put  these  results  in  actual  figures^  and  shall  again 

take  for  illustration  the  lO-inch  gun,  supposed  (as  before)  to  be 

rifled,  1st,  on  the  uniform,  2nd,  on  the  parabolic  or  service  twist. 

With    the  uniform  twist,  G  (see  Table)  =1547  tons;  and 

using  equation  (28)  and  the  values  of  the  constants  given  in  22, 

G'  =  G--245R 

=  -989G (29) 

Hence  the  decrement  of  pressure  due  to  the  suppression  of 
rifling  is  only  about  1  per  cent. ;  that  is,  the  total  pressure  on 
the  base  of  the  shot  is  reduced  from  1547  tons  to  1530  tons,  or 
the  bursting  ))ressure  is  reduced  from  19*7  tons  per  square  inch 
to  19*5  tons  per  square  inch. 

At  the  muzzle  of  the  gun  in  the  same  manner  we  find  that 
the  total  pressure  is  reduced  from  205  tons  to  202*8  tons,  and 
the  pressure  per  inch  in  a  corresponding  proportion. 

30.  Similarly,  from  equation  (26)  and  the  values  of  the  con- 
stants given  in  25,  the  values  of  G'  at  the  point  of  maximum  pres- 
sure and  at  the  muzzle  of  the  gun  are  obtained ;  and  I  find  that 
with  the  ])arabolic  twist  the  pressure  on  the  base  of  the  shot 
would  be  reduced  from  1547  tons  to  1541  tons,  or  the  bursting 
pressure  would  be  reduced  from  19'7  tons  to  19(52  tons  per 
square  inch. 

At  the  muzzle  the  corresponding  reductions  are  from  205 
tons  total  pressure,  to  196  tons,  or  from  2*61  tons  to  2*49  tons 
per  square  inch. 

31 .  For  the  sake  of  clearness,  I  recapitulate  the  results  at  which 
I  have  arrived.     They  are  as  follow  : — 

Ist.  That  the  pressures  actually  exerted  at  all  points  of  the 
bore  to  give  rotation  to  the  10-inch  IJritish-service  projectile, 
coniparcd  with  the  pressures  which  would  be  exerted  were  the 
gun  rilled  on  a  uniforni  twist,  are  very  approximately  exhibited 
in  the  diagrams  on  lMat('  VI. 

2nd.  That  in  the  10-inch  gun  (and  other  guns  similarly  rifled) 
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the  pressure  on  the  studs  due  to  rifling  is  but  a  sniall  frac- 
tion (about  2\  per  cent.)  of  the  pressure  required  to  give  trans- 
lation to  the  shot. 

3rd.  That  the  substitution  of  the  parabolic  for  the  uniform 
rifling  has  reduced  by  about  one  half  the  maximum  pressure 
on  the  studs. 

4th.  That  the  increment  of  the  gaseous  pressure,  or  the  pres- 
sure tending  to  burst  the  gun,  due  to  rifling  is  exceedingly 
small*,  both  in  the  case  of  the  uniform  and  parabolic  rifling. 
This  result  is  entirely  confirmed  by  the  experiments  of  the  Ex- 
plosive Committee,  who  have  found  no  sensible  difference  of 
pressure  in  the  10-inch  gun  fired  in  the  rifled  and  unrifled  states. 

5th.  That,  small  as  the  increment  in  gaseous  pressure  due  to 
rifling  is,  it  is  still  less  in  the  parabolic  than  in  the  uniform 
system  of  rifling. 

Elswick  Works,  February  15,  1873. 


XXVII.  Note  on  the  Measure  of  Intensity  in  the  Theories  of  Light 
and  Sound.  By  R.  H.  M.  Bosanquet,  Felloiv  of  St.  John's 
College,  Oxfordf. 

MR.  MOON,  and  more  recently  Dr.  Hudson,  have,  in  the 
Philosophical  Magazine,  controverted  the  position  that 
the  energy  of  the  forms  of  motion,  which  constitute  light  and 
sound,  with  factors  depending  on  the  w^ave-length  or  periodic 
time,  is  to  be  regarded  as  the  measure  of  the  intensity  of  these 
impressions  on  our  senses.  The  matter  is  one  for  experimental 
evidence.  Now  direct  evidence  bearing  on  the  point  at  issue  is 
not  wanting,  in  the  case  of  either  sound  or  light. 

The  question  is  whether  the  intensity  is  measured  by  the 
square  of  the  amplitude,  or  by  the  amplitude,  for  given  periodic 
times. 

Mr.  Moon  has  not  off'ered  any  answer  to  the  remark  made  at 
the  end  of  my  paper  of  last  November,  although,  if  he  under- 
derstood  it,  it  is  conclusive  in  the  case  of  light.  It  may  be 
worth  while  to  mention  the  point  again.  There  exists  an  expe- 
rimental law  known  as  the  law  of  Malus,  which  connects  the 
intensities  of  the  two  rays,  polarized  in  planes  at  right  angles  to 
each  other,  into  which  a  plane-polarized  ray  is  decomposed  by  a 
doubly  refracting  crystal.  The  intensities  of  these  two  rays  are 
proportional  to  the  squares  of  the  sine  and  cosine  of  the  angle 

*  Although  the  increase  of  strain  due  to  rifling  is  inconsiderable,  yet  the 
decrease  of  the  strength  of  the  structure  of  a  gun  inseparable  from  ritling 
may  be,  and  in  many  systems  is,  considerable;  but  the  discussion  of  this 
question  is  outside  of  the  scope  of  my  paper. 

t  Communicated  by  the  Author. 
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which  the  principal  plane  of  the  erysttil  makes  with  the  original 
plane  of  polarization.  The  verification  is  slated  to  have  been 
made  photometrically  by  Arago ;  but  it  is  easy  to  obtain  a  ^^eri- 
fication  for  one's  self.  If  the  ray  that  has  passed  through  a  Nicol 
fall  through  a  hole  on  a  crystal  of  Iceland  spar  of  suitable  thick- 
ness so  that  the  emerging  rays  overlap,  it  is  quite  easy  to  recog- 
nize that,  as  the  crystal  is  turned  round,  the  intensity  of  the 
overlapping  part  is  constant.  Now  the  amplitudes  of  the  po- 
larized pencils  will  be 

a  cos  a  and  a  sin  a, 

if  a  be  the  amplitude  of  the  original  ray,  and  a  the  inclination  of 
the  principal  plane  of  the  prism  to  the  plane  of  polarization  of  the 
Nicol.  But  if  these  amplitudes  were  the  measures  of  the  inten- 
sities, the  intensity  of  the  overlapping  part  would  be  represented 
by  a  (sin  a-f  cos  a),  and  would  vary  with  a.  The  question  is  here 
submitted  to  direct  experiment ;  and  we  see  that  it  is  only  by 
taking  the  intensity  to  be  measured  by  the  square  of  the  ampli- 
tude that  the  experimental  result  can  be  accounted  for;  we  have 
then,  of  course,  a^  (sin^a+  cos^a)  =a^. 

In  the  case  of  sound,  the  law  of  Topfer,  which  is  quoted  in 
my  paper  in  the  Philosophical  Magazine,  November  1872,  shows 
that  in  organ-pipes  of  equal  intensity  the  wind  consumed  is  pro- 
portional to  the  wave-length.  As  I  have  remarked,  this  is  equi- 
valent to  saying  that  the  work  done  is  proportional  to  the  wave- 
length. Topfer's  law  is  beyond  dispute.  It  might  well  have 
been  left  to  rest  on  his  authority,  except  that,  for  once,  he  gives 
no  measures  or  evidence  for  it ;  but  he  is  generally  so  accurate 
that  his  enunciation  of  the  law  carries  weight.  The  evidence  in 
the  case  of  sound  does  not  at  present  amount  to  actual  proof  of 
the  representation  of  intensity  by  mechanical  energy,  but  to  a 
high  degree  of  probability.  I  have  devised  a  better  method  of 
observation,  which  requires  special  arrangements,  and  hope  to 
throw  some  additional  light  on  the  subject  when  I  have  an  op- 
portunity of  carrying  this  out. 

As  one  of  Mr.  Moon's  suggestions  is  sometimes  felt  as  a  diffi- 
culty by  learners,  I  will  just  touch  upon  it.  It  seems  specious 
to  say  that,  if  we  superpose  two  luminous  or  sonorous  vibrations 

.    27r 
of  the  type  y  =  flsiu--  [vt—x],  the  amplitude  of  the  resulting 
A. 

vibration  will  be  2a,  and  the  intensity  four  times  that  of  cither 

vibration.     But  if  we  draw  from  this  the  conclusion  that  from 

twice  the  energy  proportional  to  a^  we  obtain  energy  ])ropor- 

tional  to  'Ui^,  we  cli-arly  make  a  mistake.     In  the  first  j)Iace,  if 

the  two  vibrations  are  to  be  suj)erpoH(;d  they  must  be  in  the  same 

j)hase ;  this  requirement  prev<'nt8  the  occurrence  of  the  super- 
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position  in  nature  in  many  cases.  Thus,  if  two  similar  organ- 
pipes  are  sounded  near  each  other  in  exact  unison,  they  always 
arrange  their  vibrations  in  opposite  phases,  and  the  two  tones 
destroy  each  other.  No  doubt  also  the  explanation  given  by 
Airy  of  the  doubling  of  intensity  by  use  of  two  candles  points 
in  the  correct  direction.  As,  however,  it  takes  no  account  of 
the  alteration  of  the  plane  of  polarization  in  common  light,  a 
matter  of  which  we  know  scarcely  any  thing,  it  can  only  be  re- 
garded as  an  illustration.  The  complete  explanation  cannot  be 
given  or  recognized  till  we  know  more  about  the  alteration  of  the 
plane  of  polarization.  We  must  note,  however,  that  the  doubled 
light  of  two  candles  is  not  to  be  regarded  as  an  axiom,  but  as  a 
fact  ascertained  in  the  every-  day  processes  of  photometry. 

Still  it  may  often  happen  that  two  such  vibrations  may  be 
superposed  with  coincident  phase ;  it  happens,  for  instance,  at 
the  loudest  part  of  the  beats  given  by  two  organ-pipes  nearly  in 
unison.  In  these  cases  we  must  not  treat  each  vibration  as  a 
cause  in  itself,  invariable  under  all  conditions.  If  we  regard 
the  two  vibrations  as  unaltered  by  the  superposition,  we  shall  in 
general  be  wrong.  We  must  go  back  to  the  sources  of  energy ; 
and  we  shall  in  general  find  that  the  delivery  of  the  vibrations  is 
materially  affected  by  their  superposition.  By  the  superposition 
of  the  vibrations  we  increase  the  work  to  be  done  by  each,  if  con- 
sidered to  remain  unaltered.  Take  an  illustration  from  electri- 
city; then  it  is  like  interposing  an  additional  resistance  in  an 
electric  circuit,  only  that  heat  is  developed  instead  of  sound.  If 
the  battery  be  arranged  for  quantity,  as  it  is  called,  the  current 
may  be  materially  affected  by  the  new  resistance ;  if  for  tension, 
the  new  resistance  may  have  a  small  influence  only.  So  with 
an  oi'gan-pipe.  Let  two  pipes  be  nearly  in  unison,  and  at  the 
swell  of  the  beat,  when  the  vibrations  are  superposed  with  the 
same  phase;  then  the  state  of  things  may  vary  a  good  deal, 
but  necessarily  lies  between  the  following  extreme  cases. 

First,  let  the  wind  be  very  light,  passing  with  freedom  through 
the  windway,  and  wasting  little  of  its  pressure  there  on  the  over- 
coming of  friction,  imparting  velocity  to  the  external  air,  and  so 
on ;  then  most  of  the  pressure  at  the  windway  is  due  to  the  work 
converted  into  sound.  The  pressure  at  the  orifice,  and  thence 
the  rate  of  issue,  are  then  different  as  more  or  less  work  is  con- 
verted into  sound ;  when  the  work  to  be  done  is  increased,  the 
pressure  at  the  windway  is  increased  and  the  velocity  lessened. 
Thus  on  superposition  the  amplitude  of  each  vibration  will  be 
diminished,  until  the  work  of  the  compound  vibration  is  such 
as  the  sources  are  able  to  furnish  ;  and  in  the  extreme  case  each 
amplitude  would  be  diminished  in  the  ratio  of  1  :  s/2.  This  is 
analogous  to  the  introduction  of  a  resistance  into  an  electrical 
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circuit  of  small  resistance,  or  where  the  battery  is  arranged  for 
quantity. 

Secondly,  if  the  organ  have  a  heavy  wind,  and  the  pipes  have 
narrow  windways,  so  that  the  greater  portion  of  the  pressure  at 
the  windway  is  due  to  friction,  velocity  communicated  to  the  ex- 
ternal air,  &c.,  and  only  a  small  part  to  the  reaction  of  the  sound- 
impulses,  then  even  considerable  variations  of  the  work  trans- 
formed into  sound  will  not  alter  perceptibly  the  pressure  at  the 
windway  or  the  velocity  of  exit :  thus,  on  superposition,  the  two 
vibrations  would  retain  their  form,  and  the  intensity  of  the  swell 
of  the  beat  would  be  in  the  extreme  case  four  times  that  of  the 
single  vibration.  This  case  is  analogous  to  the  introduction  of 
a  resistance  into  an  electric  circuit  whose  resistance  is  already 
great,  or  where  the  battery  is  arranged  for  tension. 
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December  5,  1872.— Eear- Admiral  Gr.  H.  Eichards,  C.B.,  Vice- 
President,  in  tlie  Chair, 

THE  following  communication  was  read : — 
"  Investigation  of   the  Attraction  of  a  Galvanic  Coil  on   a 
small  Magnetic  Mass."    By  James  Stuart,  M.A.,  Fellow  of  Trinity 
College,  Cambridge. 

From  investigations  given  by  Ampere,  we  can  deduce  an  ex- 
pression for  the  potential  U  at  an  external  point  Q  of  a  closed  cir- 
cular gahanic  current  carried  by  a  wire  of  indeliuitely  small  section. 
Let  a  be  the  radius  of  the  circle ;  let  the  distance  of  Q  from  C, 
the  centre  of  the  circle,  be  r  ;  and  let  the  line  C  Q  make  an  angle  d 
with  the  normal  to  the  plane  of  the  circle.  Then  it  can  be  shown 
that  when  r  is  less  than  «, 

ti=2..{->+',p,->„^p.+i-«.r:.P.-...}, 

and  when  r  is  greater  than  a, 

where  Tc  depends  only  on  the  intensity  of  the  current,  and  where 
P,,  Pg,  J*j  are  defined  by  the  equation 

.^ =l4-P,r-i-lV-^+lV'+-  .  •  • 

yi— 2a;co»0-f-.^•' 

If,  therefore,  X  represents  the  resolved  part  ])frp(Mi(li<'ular  to  tlu- 

plane  of  the  circle  and  towards  it  of  the  Force  exerted  by  the  current 

on  a  miit  of  iiiagnetisin  ])lacedatQ,  and  if  Y  represent  Ihe  resolved 

part  of  that  force  piirall<'l  to  Wxc  plane  of  the  circle  and  directed 
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from  its  centre  outwards,  then 

A.= sm  0—  -—  cos  0, 

r  . ad  dr 

Y  = COS0+  -— -  sin  9. 

r.dB  dr 

To  calculate  these  quantities,  we  know  that 

Pj=COS0, 

5/..,.      3 


P^=|/'cos3  0_|cos0\ 

P3=_(COS=0-_COS30+_COS0| 


We  shaU  only  consider  the  case  of  those  points  for  which  r  is 
greater  than  a.  Substituting  these  values  in  the  expression  which 
in  such  instances  holds  for  U,  we  have 

U=27rAr  I  -  1  .  ^cos0+  Jl  .  '^fcos'e-  ?co.0) 
I       2     r^  lb     r'  \^  o         / 

irom  which,  after  some  reduction,  we  obtaia 
^.=~^(-l  +  3cos^0).^+JL.(9-9Ocos^0  +  lO5cos''0)'^ 

1  n^ 

-  j^  ( —  75  + 1575  cos-  0—4725  cos*  0  +  3465  cos«  0)  " 

^  + '  ;  •   •   ; '•/!) 

— ^  =  sin0.  I  +^cos0/4-i(-27cos0+lU5cos30)- 
^7^^'  L        2  J"*        lb  r' 

+  rL-(525  cos  0—3150  cos^  0+3465  cos*  0)  - 

- } (2) 

Each  of  these  expressions  consists  of  a  series  of  terms  in  ascending 
powers  of  -  which  wdl  be  converging. 

We  shall  now  seek  to  find  X  and  T  for  a  galvanic  current  tra- 
versiug  a  wire  coiled  iuto  the  Form  of  a  hollow  cylinder,  of  wliich 
the  internal  radius  is  h,  the  I'xtenial  radius  b-\-c,  and  of  which  the 
length  is  2f.  AVe  shall  suppose  the  individual  t\iriis  of  the  wire  to 
lie  so  close  tl\at  each  may  be  regarded  as  an  exact  circle. 

Let  A  B  be  the  axis  of  the  coil,  so  that  A  and  B  are  the  centres 
of  its  two  faces ;  then  A  B= 2/.     Let  0  be  the  middle  point  of  A  B. 
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Let  P  be  the  attracted  point,  P  M  its  perpendicular   distance  j) 
from  A  B.     Let  P  A  M= a,  P  B  M =/3. 


Let  C  be  the  centre  of  any  turn  of  the  wire  regarded  as  a 
circle  of  radius  a,  CP=r,  PCM=0,  OC=.r  ;  thenit  is  readily  seen 
that  for  the  whole  cylindrical  bobbin  the  forces  X,  T  are  given  by 


-n: 


JjcLvda. 


'Mdxda, 


-/^ft 


where  L  and  M  stand  for  the  expressions  on  the  right-hand  side 
of  (1)  and  (2)  respectively,  and  where  /i  depends  on  the  strength  ol: 
the  current. 

To  perforin  the  integrations  for  the   length  of  the  bobbin  in 
these  expressions,  we  have  the  formula) 
p=r  .  HmO, 
S.r  .8ine=  — )' 


20; 


and 


Rin''0 


_    p 
sin  0 


Making  these  suliHtiliitions  for  B.v  and  r,  the  integrals  willi  respect 
to  r  become  integnils  with  resi)ect  to  0,  wliich  can  be  easily  evalu- 
ated by  a  rontii.ued  api)lica<i(.ii  of  th(5  method  of  integration  by 
parts,  the  limits  being  fn.m  0  =  «  to  0  =  ft.  If  we  then  integrate 
the  result  thus  obtained  with  respect  to  «,  from  the  liiiut  /.  to  the 
limit  h-^c,  we  finally  obtain 
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—  =  — ^2 —  i  —  (cos  /i  —  COS  a)  +  (cos' /3  —  cos'  a)} 

+^^g^-=^{ -9(eos /3- cos  a)  +  33(cos^ /3- cos' a) 

^         -39(cos'  /3—  cos'  n)  +  15(cos' /3—  cos'  a)} 

H — QQft   6    ^~     "5(008 /3  —  COS  a)   +  575(cos'/3— cos'a) 
-  Io90(cos'  /3  -  cos*  a)  +  2070(cos'  /3 -  cos'  a ) 
^  -1295(cos^H3-cos^a)+   315(cos"/3-cos"a)} 

^  6  +  C^— 6\     ,     /     •      3   o  •      3       M 

-  =  — TT^—  {  +  (sm^  /3 -  sm^i) } 

+      oaT    {— l-(s"^''/3— sin^aj  +  15(sm'/3— sin'a)} 

oUp 

+  ^±|g^- {  +  120(sm' /3  -  siu' a)  -  420(sm» /3 -  sin^  a) 

+ +31o(sin"/3-sm"a)} 

These  expressions  for  X  and  T  will  be  converging  for  all  points 
situated  at  a  greater  distance  than  6  +  c  from  any  point  of  the  axis 
A  B,  inasmuch  as  they  are  composed  by  adding  together  correspond- 
ing terms  of  series  which  are  then  all  convergent.  Among  other 
points,  these  expressions  hold  for  such  as  are  situated  on  the  axis 
external  to  the  bobbin,  and  not  nearer  A  or  B  than  by  the  distance 
(h-\-c).     For  such  points,  however,  the  expressions  become  illusory, 

0 
assuming  the  form  -.     They  may,  however,  be  evaluated  by  the 

methods  for  the  evaluation  of  vanishing  fractions.  T  is  clearly  zero. 
X  may  be  more  readily  obtained  directly  from  the  expression  for  U. 
From  that  expression  we  find  that  for  a  single  circular  current  the 
attraction  on  such  points  is 

\^  r'       2  r'        8   J-'  J 

Hence,  in  the  case  of  a  bobbin,  if  x  be  the  distance  of  the  attracted 
point  from  O,  the  middle  point  of  the  axis  of  the  bobbin,  we  have 

+  • 


N. 
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which  gives  X  for  poiats  situated  on  the  axis  for  which  x  is  not  less 
than  (b+c+f). 

January  9,  1873. — "William  Sharper,  M.D.,  Yice-President,  in 
the  Chair. 

The  following  communication  was  read : — 

"  On  a  new  Method  of  viewing  the  Chromosphere."     By  J 
Lockyer,  F.E.S.,  and  G.  M.  Seabroke. 

The  observations  made  by  shtless  spectroscopes  during  the 
eclipse  of  Dec.  11,  1871,  led  one  of  us  early  this  year  to  the  con- 
clusion that  the  most  convenient  and  labour-sa\'ing  contrivance  for 
the  daily  observation  of  the  chi'omosphere  woidd  be  to  photograph 
dady  the  image  of  a  ring-slit,  which  should  be  coincident  \\ith  an 
image  of  the  chromosphere  itself. 

The  same  idea  has  since  occurred  to  the  other. 

We  therefore  beg  leave  to  send  ia  a  joint  communication  to  the 
Eoyal  Society  on  the  subject,  showing  the  manner  in  which  this  kind 
of  observation  can  be  carried  out,  remarldng  that,  although  the  me- 
thod still  requires  some  instrumental  details,  wliich  Mill  make  its 
working  more  perfect,  images  of  the  chromosphere,  almost  in  its 
entirety,  have  already  been  seen  on  several  days  during  the  present 
month  and  the  latter  part  of  last  month. 

The  adaptation  of  this  method  to  a  telespectroscope  will  be  seen 
at  a  glance  from  the  accompanying  drawing. 


Diaphragm  showing  annulus,  the  breadth  of  which  may  be  varied  to  suit  the 
state  of  the  air. 


Tliu  annuiiiH  is  viewed  iiiid  bniuKht  U)  Ajous  by  looking  tiirougli  mwrturos  in  the 
side  of  the  tubes. 

A.  Sliding  eye-tube  fdKle.sronc.  B.  Tube  s<t(  wing  into  eye-tube.  C.  Tube 
itliding  inside  B,  niid  ciirrying  lens  D  and  diii)ilirngni  E.  V.  Lenses  bringing 
image  of  diapbrngni  to  a  focus  at  the  place  gcntTally  occujiied  by  llio  slit  of 
the  sfK-etroseop*.    O.  Collimator  of  spertroseope. 
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The  image  of  the  sun  is  brought  to  focus  on  a  diaphragm  having  a 
circular  disk  of  bi'ass  (in  the  centre)  of  the  same  size  as  the  sun's 
image,  so  that  the  sun's  hght  is  obstnicted  and  the  chromospheric 
light  is  allowed  to  pass.  The  chromosphere  is  afterwards  brought 
to  a  focus  again  at  the  position  usually  occupied  by  the  slit  of  the 
spectroscope;  and  in  the  eyepiece  is  seen  the  chromosphere  in 
circles  corresponding  to  the  "C"or  other  lines.  The  lens  D  is 
used  to  reduce  the  size  of  the  sun's  image,  and  keep  it  of  the  same 
size  as  the  diaphragm  at  different  times  of  the  year ;  and  the 
lenses  P  are  used  in  order  to  reduce  the  size  of  the  annulus  of 
light  to  about  |  inch,  so  that  the  pencils  of  light  from  either  side 
of  the  annulus  may  not  be  too  divergent  to  pass  through  the  prisms 
at  the  same  time,  and  that  the  image  of  the  whole  annulus  may  be 
seen  at  once.  Thex'e  are  mechanical  difficulties  in  producing  a 
perfect  annulus  of  the  required  size,  so  one  ^  inch  in  diameter 
is  used,  and  can  be  reduced  virtually  to  any  size  at  pleasure. 

The  proposed  photographic  arrangements  are  as  follows  : — 

A  large  Steinheil  spectroscope  is  used,  its  usual  slit  being  replaced 
by  the  ring  one. 

A  solar  beam  is  thro\\Ti  along  the  axis  of  the  collimator  by  a  he- 
liostat,  and  the  sun's  image  is  brought  to  focus  on  the  ring-slit 
by  a  3|-inch  object-glass,  the  solar  image  being  made  to  fit  the  sht 
by  a  suitable  lens. 

By  this  method  the  image  of  the  chromosphere  received  on  the 
photographic  plate  can  be  obtained  of  a  convenient  size,  as  a  tele- 
scope of  any  dimensions  may  be  used  for  focusing  the  parallel 
beam  which  passes  through  the  piisms  on  to  the  plate. 

The  size  of  the  image  of  the  chromosphere  obtained  by  the 
method  adopted  will  be  seen  from  the  accompanying  photograph, 
taken  when  the  ring-slit  was  illuminated  Mith  the  \apours  of  copper 
and  cadmium. 


Doccinbcr  C,  1872.  nt  11. .SO. 


DeoomlHM-  7,  1872,  at  11. .'50. 


Outci'  ciirlc  KM.)  ■  Iroiu  isiiu'r  one.     (.'liroiiiosplii're  at  noruial  l;oi;,'lit.  (.'Xivpt 
where  proinitienuL's  iimrkod. 
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As  this  photograph  is  not  reproduced,  it  may  be  stated  that  the 
ring-images  have  an  internal  diameter  of  nearly  |-  of  an  inch. 

The  accompamTng  solar  profiles  are  copies  of  drawings  made,  on 
the  dates  stated,  by  means  of  the  new  method,  which  were  exhibited 
by  the  authors  at  the  Meeting. 

[Since  reading  the  above  paper,  it  has  come  to  our  knowledge 
that  Zollner  had  conceived  the  same  idea  unknown  to  us,  but  had 
rejected  it.  Prof.  Wenlock  in  America  has  tried  a  similar  arrange- 
ment, but  mthout  success. — J.  N".  L.,  G.  M.  S.,  January  17,  1873.] 

January  16. — T.  Archer  Hirst,  Ph.D.,  Vice-President,  in 
the  Chair. 

The  following  communication  was  read : — 

"A  new  Formula  for  a  IMicroscope  Object-glass."  By  F.  H. 
Wenham. 

A  pencil  of  rays  exceeding  an  angle  of  40°  from  a  luminous 
point  cannot  be  secured  -uith  less  than  three  superposed  lenses  of 
increasing  focus  and  diameter,  by  the  use  of  which  combination  rays 
beyond  this  angle  are  transmitted,  %^ith  successive  refractions  in  their 
course,  towards  the  posterior  conjugate  focus  :  until  quite  recently, 
each  of  these  separate  lenses  has  been  partly  achromatized  by  its  own 
concave  lens  of  fliut  glass,  the  surfaces  in  contact  with  the  crown 
glass  being  of  the  same  radius,  united  ^^ith  Canada  balsam;  the 
front  lens  has  been  made  a  triple,  the  middle  a  double,  and  the 
back  again  a  triple  achromatic.  This  combination  therefore  consists 
of  eight  lenses,  and  the  rays  in  their  passage  are  subject  to  errors 
arising  from  sixteen  surfaces  of  glass. 

In  the  new  form  there  are  but  ten  surfaces,  and  only  one  concave 
lens  of  dense  ^ini  is  employed  for  correcting /bnr  convex  lenses  of 
crown  glass  :  as  this  might  at  first  sight  be  considered  inconsistent 
with  theory,  a  brief  retrospect  of  the  early  improvements  of  the 
microscope  object-glass  will  help  to  define  the  conditions.  The 
knowledge  of  its  construction  has  been  entirely  in  the  hands  of 
working  opticians  ;  and  the  information  pubHshed  on  the  subject 
being  scanty,  this  has  probably  prevented  the  scientific  analyst  from 
giving  that  aid  which  might  ha\  e  been  expected. 

Previous  to  the  year  1829  a  few  microscopic  object-glasses  were 
made,  composed  of  three  superposed  achromatic  lenses ;  but  this 
combination  appears  to  have  been  used  uiorely  with  the  inten- 
tion of  gaining  an  increase  of  power,  in  ignorance  of  any  prin- 
ciple, and  without  even  a  knowledge  of  the  value  of  angidar 
ap(!rturo. 

At  this  time  the  late  J.  J.  Lister  tried  a  number  of  experiments, 
and  discovered  the  law  of  the  uplanatic  focus,  and  proved  that,  by 
separating  h.-nses  suitably  corrected,  there  were  one  or  two  posi- 
tions in  which  tlic  spherical  aberration  was  balanced.  This  was 
explained  in  a  ])apor  read  before  the  Jioyal  Society  in  1H2;».  In 
the  year  1831  Mr.  Ross  was  employed  to  construct  the  first  achro- 
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uiaiic-    o!>jwi-gla.ss  in  accordance  with  this  principle,  which  per- 
formed \\ith  "  a  degree  of  success  never  anticipated."' 

Mr.  Eoss  then  discovered  that,  after  he  had  adjusted  the  interval 
of  his  lenses  for  the  aplanatic  focus,  that  position  would  no  longer 
be  correct  if  a  plate  of  thin  glass  was  placed  above  the  object ;  this 
focus  had  then  to  be  sought  in  a  diffei'ent  plane,  and  the  lenses 
brought  closer  together,  in  order  to  neutralize  the  negative  aberra- 
tion caused  by  covering-glass  of  various  thickness.  From  this 
period  the  "adjustment"'  with  which  all  our  best  object-glasses 
are  now  provided  became  established.  Fig.  1  is  the  form  of  objects 
glass  used  at  this  time,  consisting  of  three  plano-concave  achro- 
matics,  whose  foci  were  nearly  in  the  proportion  of  1,2,  3. 

jN'o  greater  angle  than  60°  could  be  obtained  with  this  system 
in  a  g-inch  objective  (the  highest  power  then  made),  for  reasons 
apparent  in  the  diagram.  The  excessive  depth  of  curvature  of 
the  contact-surfaces  of  the  front  pair  is  unfavourable  for  the  pas- 
sage of  the  marginal  rays ;  the  softness  of  the  flint  glass  forming 
the  first  plane  was  also  objectionable.  In  the  year  1837  Mr.  Lister 
gave  Mr.  Eoss  a  diagram  for  an  improved  "  eighth,"  having  a  triple 
front  lens  in  the  form  shown  in  fig.  2.  By  this  the  passage  of  ex- 
treme rays  was  facihtated ;  and  in  order  to  diminish  the  depth 
of  curvature,  a  very  dense  glass  was  used,  haAing  a  sp-^cific  gravity 
of  4-351.  Faraday's  glass,  having  a  density  of  (3'4,  had  been  pre- 
viously tried,  but  was  abandoned  on  account  of  a  difficulty  in 
working  it.  The  polished  surfaces  of  both  these  qualities  of  dense 
glass  speedily  became  tarnished  by  exposure  to  the  air ;  and  thus 
the  dense  flint  concave  could  only  be  employed  in  a  triple  com- 
bination, that  is,  when  cemented  between  two  lenses  of  crown 
glass  :  this  form  of  front  was  kept  a  trade  secret,  and  was  not 
published  in  any  work  treating  of  the  optics  of  the  microscope. 
The  front  incident  surface  of  the  flint  of  the  middle  pair  was  made 
concave,  in  order  to  reduce  the  depth  of  the  contact ;  and  for  this 
reason  only,  as  that  surface  has  but  little  influence  in  correcting 
the  oblique  pencils,  or  in  producing  flatness  of  field,  and  may  be 
a  plane  with  an  equally  good  or  better  result.  "  Eighths  "'  of  this 
form  with  angles  of  80°  were  made,  and  remained  unaltered  till  the 
year  1850,  when  larger  apertures  were  called  for,  and  Mr.  Lister 
introduced  the  triple  bach  lens. 

The  necessity  for  this  will  be  seen  by  the  diagram  (fig.  2)  which 
shows  that  the  contact-surfaces  of  the  back  achromatic  are  too 
di'ep,  thus  giving  great  thickness  to  the  lens  and  limiting  its  dia- 
meter :  dense  flint  would  have  remedied  this  to  some  extent ;  but 
its  liability  to  tarnish  rend'Tcd  its  use  in  u.  pair  objectional)le.  The 
highest  density  at  this  time  Ivuown,  quite  free  from  this  defect,  was 
3'68G.  By  means  of  the  triple  back,  the  final  corrections  were  ren- 
dered less  abrupt,  a  greater  portion  of  the  marginal  ravs  could  be 
collected,  and  the  aperture  of  an  "  eighth  "  was  at  once  brought 
up  to  130°  or  more. 

At  this  time  the  author  had  been  making  some  experiments 
Phil.  Mag.  S.  4.  V^ol.  45.  No.  299.  March  1873.  Q 
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in  the  construction  of  an  object-glass  in  the  form  of  fig.  2.     Mr. 
Lister  having  favoured  his  ''  eighth"  with  an  examination,  was 
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good  enough  to  communicate  his  late  improvement  of  the  triple 
back.  Xo  time  was  lost  in  giving  this  a  trial,  the  result  of  which 
proved  that  excessive  negative  aberration  or  over-correction  could 
readily  be  comjnanded  uith  lenses  of  shallow  contact-curves. 
During  these  trials  all  chromatic  correction  was  obtained  by  altera- 
tions in  the  triple  back ;  for  it  was  found  that  the  colour-correc- 
tion could  not  be  controlled  by  a  change  in  the  concave  surface 
of  the  triple  front,  as  the  negative  power  of  the  flint  here  ap- 
peared to  be  feeble,  requiring  a  great  difference  in  radius  to  give  a 
trifling  result.  For  this  reason  the  front  concaves  were  formed 
of  very  dense  and  highly  dispersive  flint ;  the  cause  of  this  was 
analyzed  by  a  large  diagram,  \^ith  the  passage  of  the  rays  projected 
through  the  combination,  starting  from  the  longest  conjugate  focus 
at  the  back.  This  proved  that  the  rays  from  that  focus  passed 
through  the  concave  flint  of  the  front  nearly  as  a  radius  from  its 
centre,  or  in  such  a  direction  that  its  negative  influence  was  almost 
neutralized.  It  is  well  known  that  a  lens  may  be  achromatic  for 
parallel  rays,  and  under-corrected  for  divergent  ones.  The  utmost 
extent  of  this  condition  was  apparent  in  the  object-glass  under 
consideration. 

This  led  the  author  to  the  idea  of  the  single  front  lens  of  cro^Ti 
glass,  which  gave  a  fine  result  at  the  first  attempt,  as  the  back  com- 
binations to  which  it  was  apphed  happened  to  have  a  suitable 
excess  of  negative  or  over-correction  existing  in  the  'triple  back 
alone,  the  middle  being  neutral  or  nearly  achromatic.  Still  there 
'  was  a  defect  remaining  as  positive  spherical  aberration ;  and  this 
was  afterwards  cured  hy  ^\ymg additiomd  thicJcness  to  the  frontlens, 
which  is  now  recognized  as  a  most  essential  element  of  correc- 
tion. In  a  "  fifteenth,''  for  instance,  a  difference  of  thickness  of 
only  '002  of  an  inch  \^ill  determine  the  quahty  between  a  good 
and  an  indifferent  glass.  Fig.  3  represents  a  front  lens  suitable 
for  bringing  the  back  rays  to  a  focus.  The  dotted  lines  indicate 
the  effect  of  this  difference,  showing  that  with  a  lens  of  less  thick- 
ness the  marginal  rays  fall  within  the  central,  producing  positive 
aberration  as  the  result. 

The  single  front  introduced  by  the  author  is  now  used  by  every 
maker ;  for  several  years  he  could  not  induce  the  leading  opticians 
to  change  their  system,  though  challenged  by  a  series  of  high 
powers  constructed  on  this  formula,  for  the  purpose  of  proving 
its  superiority.  Fig.  4  represents  the  curves  of  the  first  successful 
"  eighth  "  on  this  system,  having  an  aperture  of  130°,  enlarged  ten 
times.  On  tracing  the  passage  of  the  marginal  rays  through  the 
combination,  it  will  be  seen  that,  though  the  successive  refractions 
are  nearly  equalized,  the  contact-surfaces  of  the  middle  pair  are 
somewhat  deep,  though  no  over-correction  existed  or  was  needed 
here,  for  this  would  have  required  a  shorter  radius  still  (the  density 
of  the  flint  in  this  was  3-(JS6).  If  this  pair  of  lenses  were  not 
cemented  with  Canada  balsam,  total  reflection  would  take  place  near 
the  circumference  of  the  contact  flint  surface,  cutting  off  the  mar- 
ginal rays  at  a,  and  limiting  the  aperture.    It  might  be  argued  that 
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pra  ■tically-  this  would  be  no  disadvantage,  as  these  surfaces  are 
mated  with  Canada  balsam,  whose  retraction  is  higher  than  the 
crown  ;  so  that  the  rays  in  this  case  must  proceed  with  very  Uttle 
deviation.  But  incidences  beyond  the  angle  of  total  reflection  may 
be  considered  detrimental,  as  they  imply  excessive  depth  of  curva- 
ture; this  can  be  discovered  by  looking  through  the  front  of  an 
object-glass  held  close  to  the  eye,  any  air-films  in  the  balsam  near 
the  edge  of  the  lens  appearing  as  opaque  black  spots. 

At  the  commencement  of  the  present  year  the  author  caused 
a  few  object-glasses  to  be  made,  xnth  a  middle  of  the  form  of 
tig.  5,  the  performance  of  which  was  very  satisfactory.  In  this 
the  extreme  rays  pass  at  more  favourable  incidences,  and  within 
the  angle  of  total  reflection.     The  upper  lens  is  of  dense  flint. 

When  the  experiments  on  the  single  front  were  concluded,  and 
the  remarkable  corrective  power  of  the  triple  back  in  conjunction 
therewith  had  been  proved,  the  next  attempt  was  to  make  the 
viiddle  also  a  single  lens,  leaving  the  entire  colour-correction  to  be 
performed  by  the  one  biconcave  flint  in  the  back.  After  numerous 
trials  it  was  found  that  though  something  like  over-correction  or 
negative  aberration  could  be  ol^tained  with  the  back,  in  the  degree 
requisite  for  balancing  the  under-correction  of  the  single  middle 
and  front  when  set  at  the  prescribed  distance  of  the  aplanatic  focus, 
yet  by  trial  on  the  mercury  globule  all  the  restilts  invariably  dis- 
played two  separated  colour-rings  :  these  could  not  be  combined 
by  any  alteration  in  the  radius  of  the  lenses.  By  projecting  the 
blue  and  red,  or  visible  rays  of  greatest  and  least  refrangibihty 
through  the  system,  the  cause  became  apparent.  The  left-hand 
section  of  this  objectz-glass  is  shown  in  tig.  6.  The  rays  from 
the  focus  are  slightly  divided  by  the  first  front  surface.  On  emer- 
ging from  the  back  the  separation  is  increased  ;  the  red  ray  (r)  is 
outwards,  and  the  more  refrangible  or  blue  ray  (6)  inwards.  Next, 
the  divergence  of  these  two  rays  is  extended  by  the  middle  single 
lens.  The  following  crow7i  lens  extends  the  angle  of  divergence 
so  far  that  the  Hint  lens  of  the  back  triple  cannot  recombinc  them  ; 
and  they  emerge  at  two  distinct  zones,  sllow^^  by  the  practical  test 
of  the  "artilicial  star"  or  light-spot  reflected  from  a  mercury 
globule,  viewed  within  and  without  the  focus. 

It  might  be  supposed  that  these  rays  at  their  final  emergence 
can  be  so  refracted  as  to  project  the  blue  outwards.  A  crossing 
point  wouhl  then  occur  at  a  fixed  conjugate  focus  in  the  body  of 
the  microscope,  at  which  all  rays  would  be  combined  ;  and  if  Ibis 
focus  was  adjusted  to  that  of  the  eyepiece,  achromatism  and  linal 
correction  would  be  the  result.  But  to  meet  the  various  conditions 
occurring  in  the  use  of  the  microscope,  the  conjugate  focus  con- 
stantly alters  in  position,  this  b»ang  affected  by  every  change  of 
evepiece,  length  of  tube,  or  adjustment  for  thickness  of  cover; 
then-fore  a  correction  for  a  lixi^d  point  cannot  b<!  n)aintainod. 
Achromatism  in  i\w  microscopic  object-glass,  like  that  of  other 
perfect  I V  corrected  optical  combinations,  must  be  the  reunion  of 
the  ravH  oF    the  spectrum   close  to  the  final   emergent  surface  of 
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the  system.     The  remedy  suggested  by  these  experiments  appeared 
♦■o  be  in  a  transposition — that  is,  in  placing  the  over-eorreeted  triple 
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in  the  middle  of  the  entire  object-glass ;  this  would  at  once  cause 
a  convergence  of  the  blue  and  red  rays.  A  single  lens  of  longer 
focus  at  the  back  would  then  bring  these  rays  parallel  at  the  point 
of  final  emergence. 

By  projection  in  a  diagram  this  condition  was  apparently  realized. 
The  dispersive  power  of  the  flint  (density  3'686)  was  taken  by  the 
refractive  index  1*76  of  line  Hin  the  blue  ray  of  the  spectrvun,  and 
1-70  of  line  B  in  the  red  ray.  The  refraction  of  the  corresponding 
rays  in  the  crown  (density  2-44)  was  1'53  H  and  1-51  B.  With 
these  indices  the  rays  are  traced  in  fig.  6.  The  radii  in  the  right- 
hand  half  section  are  those  of  an  "  eighth  "  of  the  new  form  drawn 
twenty  times  the  size  of  the  original.  The  shujle  front  is  of  the 
usual  fonn,  as  this  is  much  alike  in  all  cases.  The  radius  or 
focus  of  the  single  plano-convex  hack  is  about  four  and  a  half  times 
that  of  the  front,  and  the  focus  of  the  middle  (triple)  three  times. 
The  passage  of  the  blue  and  red  rays  at  the  extreme  of  the  pencil  is 
shown  in  contrast  with  the  preceding,  the  separation  from  the  same 
front  being  alike. 

The  inner  and  outer,  or  blue  and  red  rays,  after  passing  the  first 
surface  of  the  triple  middle,  meet  the  concaves  of  the  fluit,  which 
refract  the  blue  rays  to  a  greater  extent  than  the  red,  and  cause 
them  to  converge  (instead  of  diverging,  as  in  the  opposing  half 
diagram),  so  that  at  their  exit  from  the  triple  they  meet  and  would 
cross,  effecting  what  is  known  as  "  over-correction  ;*'  but  this  is 
so  balanced  and  readjusted  by  the  single  back  of  cro\ni  glass, 
that  the  rays  are  finally  united,  and  emerge  in  a  state  of  paral- 
lelism. This  form  of  object-glass  is  suitable  for  the  high  powers, 
or  such  as  have  a  cover  adjustment,  viz.  from  the  "  i-inch ''  upwards  ; 
perfect  colour-correction  is  equally  to  be  obtained  in  all  of  them. 

It  may  be  asked  by  some  who  have  devoted  their  attention 
to  the  higher  branches  of  optical  mathematics,  why  the  above 
result  should  have  been  worked  out  entirely  by  diagrams.  But 
it  has  been  found  such  a  difilcult  task  to  calculate  the  passage  of 
the  two  rays  of  greatest  and  least  refrangibility  through  a  combina- 
tion having  sixteen  surfaces  of  glass  of  three  different  densities  and 
refractions,  that  even  first-class  mathematicians  have  hitherto 
shrunk  from  the  attempt. 

Diagrams,  however,  are  surprisingly  accurate  in  tlieir  capability 
of  indicating  causes  and  results  in  the  microscope  and  ohjoct-glass  ; 
for  these  lenses  are  minute,  with  deep  curves  and  abrupt  refrac- 
tions ;  so  that  if  th(^  projection  is  worked  out  some  fifty  times  the 
size  of  tilt!  original,  small  errors  can  be  detected.  The  work 
should  be  coMinienced  at  the  back  from  a  long  conjugate  focus, 
wliicli,  not  being  a  constant  distance,  may  l)e  taken  as  very  near  to 
parallelism.  'V\u\  high  j)o\\('rs  all  have  tli(>  means  of  correction 
within  this  distance,  and  perform  better  with  a  long  posterior  focus 
than  with  a  very  short  one.  'J'he  relative  iiulices  for  the  two  or 
more  rays  should  be  marked  on  a  large  pair  of  proportional  com- 
passes, the  long  limb  representing  the  sine  of  the  angle  of  incidence, 
and  the  short  one  that  of  refraction.     Both  the  sines  ought  to  be 
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set  off  in  the  diagram  behind,  aud  neither  of  them  iu  front  of  the 
raj  in  course  of  projection  ;  this  leaves  the  way  clear,  with  the  least 
confusion  of  lines. 

At  the  same  time  a  second  or  counterpart  diagram  should  be  at 
hand,  to  which  the  rays  only  are  transferred  as  soon  as  their  direc- 
tion is  ascertained  ;  with  these  precautious  a  mistake  is  scarcely 
possible. 

Now  it  is  hoped  that  some  improvements  may  be  effected  by 
this  investigation,  on  account  of  the  simphcity  attained  in  the  com- 
bination, in  which  we  have  two  single  leiises  of  cro\^Ti,  whose  foci 
bear  a  definite  proportion  to  each  other ;  while  all  the  corrections 
are  performed  hv  one  concave  of  dense  Jlint,  the  acting  condition  of 
which  is  not  altered  by  the  influence  of  any  other  concaves  acting 
in  the  combination,  and  hitherto  taking  a  share  of  the  duty.  This 
one  flint  is  now  to  be  considered  singly  as  the  heart  and  centre 
of  the  system  in  reference  to  the  correction  of  the  rays  entering 
and  lea\'ing. 

This  memoir  is  of  necessity  incomplete,  for  want  of  definite  in- 
formation concerning  the  optical  properties  of  various  kinds  of 
glass.  Data  obtained  from  worldng  them  into  small  lenses  fur- 
nish only  a  rough  approximation  to  the  mean  dispersive  power  of 
the  combined  fliut  and  crown  having  the  best  apparent  effect. 
Of  the  intermediate  rays,  little  can  be  known  beyond  the  mere  ap- 
pearance of  more  or  less  of  a  secondary  spectrum, 

Xothing  of  importance  has  been  published  since  Fraunhofer's 
Table,  containing  the  refractive  indices  for  each  of  the  seven  pri- 
mary colour-lines  of  the  spectrum  for  ten  kinds  of  glass :  great 
advance  has  been  effected  siuce  that  date  in  the  manufacture  of 
optical  glass,  a  most  complete  collection  of  which  of  every  variety 
has  been  made  by  the  Eosses  up  to  the  present  date.  Selected  spe- 
cimens from  this  will  be  worked  iato  prisms,  and  the  relative 
spectra  mapped  out  by  the  Fraunhofer  lines,  leading,  it  is  hoped, 
to  the  discovery  of  a  combination  of  crown  and  flint  glass  which 
shall  be  free  from  secondary  spectrum  or  absolutely  achromatic. 
The  result  of  this  investigation  will  be  the  subject  of  a  future 
communication. 
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June  19,  1872.— Prof.  Ramsay,  V.P.G.S.,  in  the  Chair. 
The  following  communications  were  read  : — 
1.  "On  Trochocyathtis  anglicus,  a  new  species  of  ATadreporaria 
from  the  Eed  Crag."     By  P.  Martin  Duncan,  M.B.,  F.K.S.,  V.P.G.S., 
Professor  of  Geology  in  King's  College,  London. 

The  author  described  a  Coral  of  which  a  single  specimen  had  been 
found  in  the  Kcd  Crag,  in  the  grounds  of  Great  Bealings  Rectory, 
Norfolk.     He  stated  that  it  belonged  to  the  genus  Trochocyathus, 
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and  was  distiuguished  from  the  other  species  of  that  genus  by  its 
dense  epitheca,  its  small  and  prominent  columella,  and  its  inverted 
calicular  margin.  He  proposed  to  name  it  Trochoci/athus  anj/Ucus, 
and  stated  that  its  nearest  alliance  is  with  the  Australian  Upper 
Tertiary  form  described  by  him  under  the  name  of  T.  merldioyudis. 

2.  "  On  the  Discovery  of  Palaeolithic  Implements  in  association 
with  Elephns  primiyenius  in  the  High-terrace  Gravels  at  Acton  and 
Ealing."     By  Col.  A.  Lane  J^^ox,  F.G.S. 

The  gravels  in  the  neighbourhood  of  Acton  have  been  divided  by 
Mr.  Prestwich  into  two  principal  groups,  viz.  the  high-level  gravels, 
on  the  hills  above  the  valley,  and  the  valley-gravels,  on  the  sides  and 
bottom  of  the  valley  itself.  The  valley-gravels  have  been  again 
divided  by  Mr.  Whitaker  into  three  terraces,  viz.  a  high  terrace, 
between  50  and  100  feet  above  the  Ordnance  datum,  a  mid  terrace, 
between  20  and  40  feet  high,  and  a  low  terrace,  at  an  average 
height  of  10  feet,  occupying  the  low  ground  in  the  bends  of  the  river. 
On  both  sides  of  the  river  the  high  terrace  is  separated  from  the 
mid  terrace  by  a  strip  of  the  Loudon  Clay,  which  is  laid  bare  at  an 
average  level  of  50  feet.  The  London  Clay  is  also  laid  bare  on  the  sides 
of  the  tributarv  streams  running  into  the  valley  on  both  sides  of  the 
river,  thus  dix-iding  the  high-terrace  gravel  into  patches.  The  mid 
terrace  is  continuous,  and  follows  the  sinuosities  of  the  valley  on 
both  sides  up  to  the  strip  of  London  Clay.  The  author  accounts  for 
this  distribution  of  the  gravels  by  su])posiug  that  a  large  body  of 
water  must  at  one  time  have  stood  at  the  50-feet  level,  and  the 
denudation  of  the  high  terrace  have  been  caused  by  the  waves  beat- 
ing on  the  sides  of  the  valley,  and  by  drainage  into  this  body  of 
water.  Tlie  mid  terrace  he  conceives  may  have  been  caused  in  part 
by  accumulations  beneath  tliis  body  of  Avater. 

The  position  of  the  high- terrace  gravel  at  Acton  corresponded  so 
closely  to  that  of  the  implement-bearing  gravels  of  the  Somme  and 
the  Ouse,  that  the  author  was  led  to  examine  carefully  the  excava- 
tions made  in  it  for  the  construction  of  houses.  He  discovered  a 
number  of  implements  of  the  drift-type,  together  with  flakes  and 
cores,  and  a  few  roughly  foi-mcd  scra])ers ;  all  these  were  found  in 
close  contact  with  the  London  Clay,  and  beneath  the  gravel.  Frag- 
ments of  fern  {Osinunda  regalia)  and  of  wood  (I'inns  si/lvestris)  were 
also  found  with  the  implements  at  the  same  level.  Two  inii)leii)ent3 
were  found  at  Ealing  Dean,  2  miles  westward,  on  nearly  the  same 
level  as  those  of  Acton,  viz.  t)0  feet ;  and  these  also  came  from  the 
bottom  of  the  gravel.  Another  imi)lement  was  found  south  of  the 
river  at  hattersea  Rise,  in  the  sann;  jxtsition  above  the  strip  of 
London  Clay  as  at  Acton,  and  at  about  GO  feet  above  the  Ordm.nco 
datum.  The  inijdcmentH  are  of  the  })ointed  and  oval  types.  Tho 
only  animal  remains  discovered  in  tho  higli  terrace  consisted  of  a 
tooth  of  Eltjilias  i>rimiyeniu8  in  the  Acton  gravel.  The  i)osition  of 
this  the  author  believes  to  be  reliable,  although  he  did  not  discover 
it  himself  in  situ. 

In  the  mid-terrace  gravel  a  number  of  pitu  were  examined  b«- 
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tween  Shepherd's  Bush  aud  Hammersmith,  and  in  the  neighbour- 
hood of  Turnhara  Green,  which  resulted  in  the  discovery,  at  the 
latter  place,  of  a  large  quantity  of  animal  remains  (noticed  by  Mr. 
Busk  in  the  following  paper),  all  of  which,  like  the  implements  of 
the  high  terrace,  were  at  the  bottom  of  the  gravel ;  but  no  evidence 
of  human  workmanship  was  found  in  the  mid  terrace. 

All  these  were  found  tosiether,  in  the  same  seam  of  gravel,  12 
feet  beneath  the  surface ;  and  all  appeared  to  have  been  deposited  at 
the  same  time.  The  surface  was  here  25  feet  above  the  Ordnance 
datum,  and  consequently  about  50  feet  lower  than  the  implements 
of  the  high  terrace,  1|  mile  to  the  north.  The  section  across  the 
valley,  taken  through  the  two  places,  here  shows  the  strip  of  the 
London  Clay  intervening  between  the  two  terraces. 

The  chief  points  of  interest  which  the  author  submitted  to  the  judg- 
ment of  geologists,  consisted  in : — the  presence  of  drift  implements 
in  the  high  terrace,  their  absence  in  the  mid  terrace,  and  reappear- 
ance in  the  existing  bed  of  the  Thames  ;  the  great  rarity  or  absence 
of  animal  remains  in  the  high  terrace,  and  their  abundance  in  the 
mid  terrace ;  and  the  occurrence  of  both  implements  and  animal  re- 
mains at  the  bottom  of  the  gravel  in  both  terraces.  The  writer 
concluded  by  adducing  proofs  of  the  great  antiquity  of  the  present 
river-bed,  which  it  was  shown  must  have  run  in  its  present  mean- 
dering course  in  the  bottom  of  the  valley  for  at  least  2000  years. 

3.  "  On  the  Animal  Remains  found  by  Col.  Lane  Fox  in  tho 
High-  and  Low-level  Gravels  at  Acton  and  Turnham  Green."  By 
George  Busk,  Esq.,  F.R.S.,  F.G.S. 

The  author  described  the  mammalian  bones  referred  to  in  the 
preceding  paper. 

The  remains  from  the  High-level  Gravels  at  Acton  belong  to  the 
genera  Bos,  Ovis,  Equus,  and  Elephas?  The  greater  part  belong  to 
the  first-named  genus,  and  are  probably  modern,  as  are  also  those 
of  Ovis.  The  remains  of  Equus  may  be  of  greater  anti(]uity.  The 
otlier  bones  found  may  belong  either  to  Elephant,  Rhinoceros,  or 
Hippopotamus ;  they  include  a  large  portion  of  an  Elephant's 
molar,  and  are  much  I'olled. 

The  remains  from  the  mid-level  gravel  at  Turnham  Green  gene- 
rally present  the  characters  of  great  antiquity.  They  include  bones 
of  Mhinoceros  hemitoechus,  Equus  caballvs,  Hijipopotamus  major  (one 
of  them  the  left  frontal  of  a  very  young  animal  almost  unworn), 
Bos  (probably  B.  primiyenins,  and  some  perhaps  Bison  prisms), 
C'ervus  (C.  clucti mentis,  Falc.  =  C.  Browni  Dawk.,  C.  elaphus,  and 
C.  tarandus),  Ursus  ferox  pi'iscus,  and  Elephas  primigenixis. 

4.  "  On  the  Evidence  for  the  Ice-sheet  in  North  Lancashire  and 
adjoining  parts  of  Yorkshire  and  Westmoreland."  By  R.  H.  Tidde- 
man,  Esq.,  M.A.  Oxon,  F.G.S.,  of  the  Geological  Survey  of  England 
and  Wales. 

The  country  of  which  the  earlier  glacial  phenomena  were  de- 
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scribed  in  this  paper  Kes  between  the  Lake-district  on  the  north  and 
the  plains  of  South  Lancashire  and  Cheshire  on  the  south,  and  extends 
from  the  great  watershed  of  England  to  the  Irish  Sea. 

On  the  west  is  a  sea-side  plain  rising  to  levels  of  less  than  200 
feet.  On  the  north-east  is  a  portion  of  the  Pennine  chain,  com- 
prising Ingleborough,  Pennigent,  and  other  Fells,  rising  to  heights 
of  from  2000  to  2400  feet.  Between  these,  from  south  to  north, 
we  pass  over: — 1,  a  range  of  moorlands  from  1000  to  1500  feet  high, 
called  the  Rossendale  Anticlinal,  which  forms  the  watershed  be- 
tween the  basins  of  the  Mersey  and  the  llibble  ;  2,  the  valley  of  the 
Burnley  and  Blackburn  Coal-field,  which  drains  north  through  gorges 
in  (3)  the  Pendle  chain  of  hills  into  (4)  the  broad  valley  of  the 
Eibble;  5,  a  group  of  Fells  rising  to  a  general  level  of  1800  feet, 
between  the  valleys  of  the  Ribble  and  the  Lune,  called,  for  the  pur- 
poses of  this  paper,  "  The  Central  Fells  ;"  6,  north  of  this  the  valley 
of  the  Lune  and  the  estuary  of  the  Kent.  The  main  direction  of  all 
these  features,  between  the  sea-side  plain  and  the  Pennine  chain, 
is  from  north-east  to  south-west. 

The  paper  was  illustrated  by  a  map  of  the  district  on  the  scale  of 
1  inch  to  a  mile,  coloured  to  represent  elevations,  the  level-contours 
having  been  reduced  from  the  G-inch  scale.  Upon  this  all  the  ice- 
scratches  found  on  the  solid  rocks  were  inserted.  A  diagram  illus- 
trating the  proportional  number  of  scratches  in  different  directions 
showed  that  20  per  cent,  of  them  were  due  south,  although  the 
general  direction  of  the  valleys  was  to  the  south-west. 

An  instance  was  mentioned  of  a  ridge  1400  feet  in  height, 
which  had  scratches  at  the  top  running  directly  across  it  to  the 
south,  although  no  land  of  equal  height  occurred  north  of  it  within 
a  distance  of  7  miles.  A  similar  instance  was  shown  to  exist  on  the 
ridge  north-east  of  Pendle  Hill.  A  roclie  moutonnee  in  the  gorge  of 
the  Calder  at  Whalley  was  shown  to  have  been  formed  by  ice  work- 
ing from  the  north,  although  the  river  drains  from  the  south.  Other 
systems  of  scratches  were  mentioned  in  detail.  All  these  tended  to 
show  that,  though  the  general  slope  and  drainage  of  the  district  is 
to  the  south-west,  the  movement  of  the  ice  at  the  period  of  maximum 
cold  was  to  the  S.  or  S.S.E.,  or  nearly  parallel  to  the  watershed. 

The  author  goes  on  to  describe  certain  disturbances  at  the 
surface  of  the  rocks  whicli  dip  at  higli  angles  to  the  south,  they 
having  been  overturned  by  some  force  coming  from  the  north. 
Such  surface-disturbances  arc  not  found  on  rocks  dipping  to  the 
north  ;  and  this  fact  may  be  explained  by  an  illustration  :  in  ono 
case  the  brushing  was  with  the  nap,  in  the  otlier  against  it.  It  was 
shown  tliat  these  phenomena  could  not  be  atlribuled  to  any  other 
agent  but  a  great  ice-sheet  pushing  on  from  its  northern  gatliering- 
grounds,  recruited  by  tlie  greater  elevations  on  its  course,  but 
overriding  the  lesser,  grinding  down  and  smoothing  by  its  friction 
rocks  presenting  but  a  gentle  incline,  tearing  up  and  turning  over 
the  baaset  edges  confronting  its  ujjproach. 

The  author  next  described  the  arrangement  of  the  Till  as  to 
colour  and  material,  and  endeavoured  to  show  that  all  the  facts 
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which  he  has  observed  are  in  favour  of  the  existence  of  an  ice-sheet 
travelling  south  in  this  district. 

Mr.  Cumming's  observations  in  the  Isle  of  Man  were  considered  to 
confirm  these  views.  He  describes  the  general  glaciation  of  the 
island  as  being  from  the  E.X.E.  or  Lake-countrj',  and  describes 
many  large  blocks  of  granite  which  had  been  carried  from  their 
parent  rock  up  the  high  hiU  of  South  Barruh  and  down  the  other 
side.  This  was  referred  by  Mr.  Gumming  at  the  time  to  a  great 
*'  wave  of  translation  ;"  but  the  facts  are  quite  easily  explained  by 
an  ice-sheet.  Other  observations  of  Mr.  Gumming  upon  the  drifts 
of  the  Isle  of  Man  were  taken  by  the  author  as  confirmatory  of  his 
views.  Mr.  Morton's  observations  on  the  glaciation  of  the  Mersey 
basin  were  touched  upon  ;  and  it  was  suggested  that  the  glaciation 
of  that  district  was  produced  by  an  ice-sheet,  not  coming  from  the 
south-east,  as  Mr.  Morton  holds,  but  working  to  the  south-east  from 
th  e  Lake-country,  and  across  a  part  of  what  is  now  the  Irish  Sea. 

Professor  Ramsay's  observations  on  the  glaciation  of  Anglesey  being 
to  the  S.S.W.  instead  of  from  the  Snowdon  group,  as  might  have  been 
expected,  were  considered  by  the  author  to  be  confirmatory-  of  his 
views  of  a  great  ice-sheet  having  filled  what  is  now  the  Irish  Sea, 
and  emptied  itself  by  St.  George's  Ghannel  on  the  one  hand,  and  by 
the  Gheshire  plain  on  the  other,  as  weU  as  by  some  of  the  passes  in 
the  Pennine  Chain. 

5.  "  On  the  Mammalia  of  the  Drift  of  Paris  and  its  Outskirts.'' 
By  Prof.  Albert  Gaudrv,  F.G.G.S.  (In  a  letter  to  W.  I3ovd  Dawkins, 
Esq.,  M.A.,  F.E.S.,  F.G.S.) 

In  this  paper  the  author  briefly  indicated  those  mammals  the 
remains  of  which  have  been  discovered  in  the  Pleistocene  or  Qua- 
ternaiy  deposits  of  Paris  and  its  vicinity.  His  list  includes  flint 
implements  as  evidences  of  the  existence  of  man,  and  bones  of  the 
following  species : — Canis  Injms,  Hyana  crocuta  (speJcea),  Felis  leo 
(speliea),  Castor  trogontherium  and  Jiher,  Elcphas  primigen'ms  and 
antiquus.  Hippopotamus  amphihius,  Wiinoceros  ticliorhinus  (a  Rhi- 
noceros of  doubtful  species),  Sus  scrofa,  Equiis  aginus  and  caballus, 
Bos primigenius,  taunts?,  and  indicus'? , Bison prisciis  and  europceuSf 
and  Cervus  tarandus,  Belgrandi,  megaceros,  canadtnsis? ,  elaphus, 
and  a  small  species. 


XXIX.  Intelligence  and  Miscellaneous  Articles. 

ON  THE  ACTION  OF  A  CONDUCTOR  ARRANGED  SYMMETRICALLY 
ROUND  AN   ELECTROSCOPE.       BY'  CH.-V.  ZENGER. 

1  HAVE  the  honour  to  address  to  the  Academy  the  result  of  some 
-■-  fresh  experiments  on  the  electric  inertia  of  a  conductor  arranged 
symmetrically  round  an  electroscope. 

Ruhmkorff  found  that  if  static  electricity  exercises  no  action  on 
the  electroscope  disposed  as  I  have  indicated,  it  is  not  so  with  dy- 
namic electricitv  or  the  electricitv  of  induction. 
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This  result  is  only  a  confirmation  of  my  theory  of  electric  inertia, 
since  the  condition  of  equal  distribution  ( equal  superficial  tension ), 
and  s^Tnmetrical,  is  not  fulfilled  when  induction-apparatus  is  used. 
In  fact  the  tension  of  the  current  after  the  opening  and  after  the 
closing  of  the  inducing  current  is  not  the  same,  and  the  charge  of 
the  s^Tnmetrical  conductor  is  successiyely  positive  and  negative ; 
the  superficial  tension  cannot  be  none,  nor  even  equal,  since  a  cer- 
tain time  is  required  for  the  two  electricities  to  combine  after  two 
alternate  unequal  discharges,  considering  the  tension  and  the  nature 
of  the  electricity.  The  tension  at  the  part  of  the  symmetrical  con- 
ductor furthest  from  the  point  of  discharge  will  be  quite  different 
from  that  at  the  part  nearest  to  the  conductor  of  the  Euhmkorff ; 
and  the  condition  of  equal  superficial  tension  at  every  point  of  the 
symmetrical  conductor  is  not  fulfilled.  Failing  this  essential  con- 
dition, there  will  be  an  action  nearly  equal  to  the  difference  of  ten- 
sion of  the  sparks  of  opening  and  of  closing. 

To  show  the  influence  of  the  s_\Tnmetrical  distribution,  I  put 
symmetrically  round  a  gold-leaf  electroscope  a  rectangular  copper 
wire  ;  the  electroscope  and  the  vrire  are  placed  upon  the  brass  plate 
of  another  electroscope  (with  straws  instead  of  gold  leaves),  larger 
and  less  sensitive.  From  the  conductor  of  an  electrical  machine 
strong  sparks  go  to  one  of  the  angles  of  the  wire  ;  the  upper  elec- 
troscope shows  not  a  trace  of  tension,  while  the  straws  of  the  large 
electroscope  below  are  strongly  affected. 

If  the  experiment  be  modified  by  placing  the  knob  of  the  upper 
electroscope  not  symmetrically  in  relation  to  the  middle  points  of 
the  sides  of  the  conductor,  there  will  be  seen  a  movement  of  the 
gold  leaves  at  every  discharge  from  the  conductor  of  the  machine. 
The  greater  this  defect  of  symmetry,  the  more  sensible  -will  be  the 
action. — Comptes  Rendus  de  VAcademie  des  Sciences,  vol.  Ixiv.  p.  1765. 


ON  THE  HEAT  OP  TRANSFORMATION.   BY  M.  J.  MOUTIER. 

A  substance  may  present  itself  at  the  same  temperature  in  two 
different  states,  which  we  will  call  M  and  M'.  In  passing  from  M 
to  M'  a  kilogramme  of  the  substance  absorbs  a  quantity  of  heat  Q, 
which  we  will  call  ht'cit  of  transformation .  Let  us  suppose  that  in 
both  conditions  the  substance  can  ho  vaporized,  and  that  the  ten- 
sions  p  and  p  of  the  vapours  at  the  sanic  tcinprralure  are  unequal ; 
we  propose  to  determine  a  relation  between  the  heat  of  transforma- 
tion Q  and  the  tensions  p  and  p  . 

I>et  V  and  »/  be  the  specific  volumes  of  the  substance  in  the  states 
M  and  M',  v  and  »''  the  specific  volumes  of  the  vapours  given  by  M 
and  iM',  \.  and  1/  the  heats  of  vaporization. 

Let  us  conceive  the  following  cycle  of  operations  effected  at  a 
constant  teiiipenitun' : — 

( 1 )  The  substance  passes  from  the  state  M  to  M'  under  a  con- 
stant j)ressure  »r  ;  it  absorbs  the  cjuantity  Q  of  heat.  The  (juautity 
of  heat  consumed  by  eitemal  work  is  A7r(M'  — m),  A  being  the  heat- 
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equivalent  of  the  work  ;  the  heat  expended  on  internal  work  is 
Q— A7r(w'  — «)• 

(2)  The  body  M'  is  reduced  to  saturated  vapour.  The  heat  con- 
sumed by  external  work  is  Xp\v'  —  u');  that  consumed  by  internal 
work  is  h' —A.p\v'  —  u). 

(3)  The  temperature  being  kept  constant,  the  volume  of  the 
vapour  formed  is  changed  so  that  the  pressure  becomes  equal  to  p ; 
the  internal  work  consumes  the  quantity  q  of  heat. 

(4)  We  condense  the  vapour  under  the  constant  pressure  p ; 
the  body  returns  to  the  initial  state  M.  The  heat  disengaged  is 
L,  of  which  the  portion  corresponding  to  the  internal  work  is 
Ij—  Ap{v — u). 

The  cycle  is  closed ;  the  change  of  internal  heat  is  nil : 

(^—A.-ir{it—u)  +  V  —  A.p\v'—ii!)-\-q—\li—Kp{v—u)']=0; 

Q  =  L— L'-hA7r(M'— M)  +  Af>'(i;' — u')—Ap{v  —  u)  —  q.  .      .     (1) 

If  we  neglect  the  volumes  ic  and  u',  if  we  assume  that  the  internal 
work  in  the  transformation  of  the  vapour  during  the  second  opera- 
tion is  insensible,  and,  further,  that  the  vapour  follows  Mariotte's 
law 

pv=2>'v', (2) 

we  obtain  the  relation,  in  general  sufficiently  approximate, 

Q=L-L' (3) 

The  heat  of  transformation  is  equal  to  the  difference  of  the  heats  of 
evaporation. 

According  to  Camot's  theorem,  if  T  denotes  the  absolute  tempe- 
rature of  the  body, 

L=AT(t;-t*)^,  L'=AT(.'_w')g,'.    ...     (4) 

Taking  into  consideration  relation  (2),  and  neglecting  u  and  u'  in 
comparison  with  v  and  v' ,  we  get  another  expression — 

Q=AT.^^Iog(£), (5) 

where  log  denotes  a  Napierian  logarithm. 

Let  us  apply  these  relations  to  a  few  examples. 

Solution. — Let  us  consider  a  kilogramme  of  water  and  a  sufficient 
weight  of  salt  to  give  a  saturated  solution  at  the  temperature  T. 
Pure  water  has  a  vapour-tension  j^)  ;  that  of  the  saturated  solution 
is  p'.  The  quantity  of  heat  absorbed  by  the  solution  of  the  salt  in 
the  water  is  given  by  the  preceding  relations.  Relation  (5)  was 
lirst  pointed  out  by  Kirchhoflt  *. 

Fusion. — We  owe  to  M.  Regnault  a  series  of  "  Researches  under- 
taken for  the  purpose  of  deciding  if  the  solid  or  liquid  state  of 

*  Journal  de  Physique  thiorique  et  appliqu^e,  vol.  i.  p.  30. 
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bodies  exercises  au  influence  ou  the  elastic  force  of  the  vapours 
emitted  by  them,  in  vacuo  at  the  same  temperature."  The  concki- 
sion  deduced  from  M.  Eeguault's  experiments  is  the  follox^ing  : — 
"  that  the  molecular  forces  which  determine  the  sohdification  of  a 
substance  do  not  exercise  any  sensible  influence  on  the  tension  of 
its  vapour  in  vcicuo  ;  or,  more  exactly,  if  an  influence  of  this  kind 
exists,  the  variations  it  produces  are  so  slight  that  they  could  not 
be  certainly  established  in  our  experiments."  It  must,  however, 
be  added  that  monohydrated  acetic  acid  forms  an  exception ; 
Eegnault  attributes  this  anomaly  to  impurity  of  the  acid. 

Let  us  see  what  the  preceding  theory  indicates  in  this  case  ;  we 
have  to  do  with  very  small  differences.  AVe  will  take  the  exact 
formula*.  (Suppose  the  vapour-tensions  equal  in  the  two  condi- 
tions, p=j^/;  then  v=.v',  q  =  0,  and,  taking  into  consideration  equa- 
tions (4), 


q=(u-u)x(t'!^+.-2?j. 


Take  as  an  example  the  melting  of  ice  at  zero  under  the  pressure 
of  the  atmosphere.  The  substance  M  represents  the  ice  at  zero  ; 
M',  the  liquid  water  at  zero.  The  ice  in  melting  absorbs  heat ;  Q 
is  positive,  u'  —  n  negative,  the  parenthesis  positive;  therefore  the 
hypothesis  ^>^/  conducts  to  an  inadmissible  conclusion. 

Thus  ice  and  liquid  water,  both  at  zero,  have  different  vapour-ten- 
sions. The  difference  is  very  small ;  the  approximate  formula  (5) 
shows  it  readily.  The  term  ATvp  is  very  considerable  in  compa- 
rison with  Q,  so  that  p  and  p'  differ  very  little.  This  result  is  en- 
tirely conformable  to  the  latter  part  of  ^I.  Eegnault's  conclusion. 

Allfjtrop)/. — According  to  the  experiments  of  MM.  Troost  and 
Hautefeuillet,  ordinary  phosphorus  at  the  temperature  of  360°  has 
a  vapour-tension  =3-2  atmospheres.  This  vapour,  under  the  pro- 
longed action  of  heat,  deposits  red  phosphorus  ;  and  the  trans- 
formation ceases  when  the  tension  of  the  vapour  takes  the  minimum 
value  0-f)  atm.,  which  MM.  Troost  and  ILautefeuille  have  named 
tensio7i  of  transformation.  This  minimum  tension  may  be  regarded 
as  the  maxiinuni  ti-nsion  of  the  vapour  of  red  phosphorus  at  the 
temperal  urc  of  the  r.xperlnient.  Supposing,  then,  white  phosphorus 
t<j  correspond  to  the  flrst  state,  M,  red  phosphorus  to  the  second, 
M',  we  hav(; 

T=273  +  3(;0,     y>  =  :i-2  atm.,     //  =  (>()  at m. ; 
according  to  MM.  Troost  and  I  l:iiitrl(uillc,  at  440°,  or 
T  =  27:i-|-  14(1,     />  =  7')  atm.,     //=l-7")atm. 

The  weight  of  the  litre  of  phosphoruH-vaj)our  which  remained  in  the 
state  of  vapour  at  300°  after  240  liours  of  heating  was  1*4  gramme  ; 
therefore  the  Hpecific  volume  of  the  vapour  of  red  phosphorus  at 

*    Cuinj/lcs  lienJus,  vol.  Ixxvi.  p.  7<i-  1    Ibid. 
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that  temperature  is 

v'=  —  cubic  metre. 

If  we  apply  these  data  o£  experiment  to  formula  (5),  taking  into 
consideration  equation  (2),  we  find,  for  an  approximate  expression 
of  the  heat  of  transformation  of  white  into  red  phosphorus, 

Q=-17-5. 

Thus,  as  M.  Favre  announced  a  little  while  after  M.  Schroetter's 
discovery,  white  phosphorus  disengages  heat  in  passing  into  the 
condition  of  red  phosphorus.  From  an  experiment  by  M.  EQttorf, 
the  transformation  of  hquid  white  phosphorus  at  280°  determines 
a  sudden  rise  of  the  temperature  from  280°  to  370°.  Designating 
bv  c  the  specific  heat  of  the  phosphorus  the  temperature  of  which 
thus  rises,  we  should  have  cx90  =  17*o;  from  this  we  deduce 
f =0-19,  a  number  which  differs  little  from  the  specific  heat  found 
bv  M.  Hegnault. — Coraptes  Rendus  de  VAcad.  des  Sciences,  vol.  lix\-i. 
pp.  365-368. 

ROYAL  ASTRONOMICAL  SOCIETY. 

We  were  not  a  Uttle  disappointed  on  attending  the  Anniversary 
Meeting  on  the  14th  of  February  to  find  that  the  Medal  had  not 
been  awarded  for  the  current  year.  The  failure  of  the  Council  to 
find  an  astronomer  whose  attainments  are  such  as  to  entitle  him  to 
become  the  recipient  of  the  highest  honour  the  Society  has  the 
power  to  bestow,  suggests  some  important  queries  relative  to  the 
actual  state  of  astronomy  at  the  present  time  on  the  one  hand,  or 
to  the  condition  of  the  Society  which  is,  or  ought  to  be,  the  repre- 
sentative of  the  science  in  England  on  the  other.  If  we  remember 
rightly,  one  medal  only  has  been  awarded  during  the  last  three 
years,  and  that  to  a  foreign  astronomer  well  deser^-ing  of  it.  Is 
there  no  English  astronomer  on  whom  the  Society  could  gracefully 
and  legitimately  bestow  it?  Are  the  claims  of  our  American 
brethren  exhausted?  or  can  no  continental  astronomer  be  found 
worthy  to  swell  the  hst  of  medallists  of  the  Society  by  the  recep- 
tion of  its  mark  of  highest  approbation  for  sernces  well  and  faith- 
fully performed  ?  AVe  shall  not  attempt  to  reply  to  these  queries. 
Those  distinguished  astronomers  who  take  the  lead  in  guiding  astro- 
nomic thought  in  this  country  are  well  able  to  answer  them.  If, 
however,  only  one  astronomer  could  be  found  (and  we  want  but 
one  annually)  to  whom  the  presentation  of  the  Medal  would  alike 
confer  honour  on  the  Society  and  on  the  recipient,  we  should  bv 
the  award  take  note  of  the  continued  onward  progress  of  the  Science ; 
but  as  it  is,  we  are  in  doubt  as  to  whether  astronomv  is  declinintr, 
or  whether  it  is  duly  represented  by  the  Society,  which  hitherto 
has  held  astronomical  prestige  in  its  hands.  Of  late  vears  we  have 
looked  in  vain  for  the  choice  spirits  who  held  rule'  and  sway  at 
Somerset  House  when  Baily,  Sheepshanks,  Herschel,  and  others 
sat  in  council ;  but  few  such'spirits  are  now  left  to  reflect  the  former 
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glory  of  the  Society;  and  the  question  remains,  Is  the  Society  now 
so  constituted  that  it  represents  the  true  state  of  astronomy  in 
England,  and  is  the  administration  of  its  affairs  such  as  to  en- 
courage, stimulate,  and  reward  the  patient  worker  in  the  humbler 
ranks  of  observers,  and  the  veteran  who  has  won  his  laurels  which 
would  gather  lustre  by  the  award  of  the  Medal  ? 


ON  THE  DETERMINATION  OF  THE  BOILING-POINT  OF  LIQUEFIED 
SULPHUROUS  ACID.       BY  M.   IS.  PIERRE. 

In  his  very  interesting  memoir  on  sulphurous  and  chlorhydric 
acids  {Comptes  Rewlus,  Jan.  13,  1873),  M.  Melsens  says  that  from 
1860  he  has  been  seeking  to  determine  the  exact  boiling-point  of 
Liquefied  sulphurous  acid,  that  he  has  made  very  numerous  trials 
■s\dth  vessels  of  all  sorts,  but  that  all  his  attempts  have  been  fruit- 
less. Nevertheless,  if  content  Mdth  an  approximation  to  0°-15  or 
0°-2,  it  is  very  easy  to  determine  the  boiling-point  of  liquid  anhy- 
drous sulphurous  acid  by  following  the  process  which  I  pointed 
out  twenty-six  years  since  (Annales  de  Chimie  et  de  PJu/sique,  ser.  3, 
vol.  xxi.),  in  a  memoir  on  sulphurous  acid.  This  consists  in  pour- 
ing into  a  tube  of  thin  glass,  2-5  to  3  centims.  in  diameter,  having 
the  form  of  a  test-tube  for  gases,  a  certain  quantity  of  sulphurous 
acid  previously  cooled — fitting  to  the  aperture  a  cork  pierced  \^dth 
two  holes,  one  to  give  passage  to  the  thermometer,  the  other 
larger,  intended  to  give  free  passage  to  the  vapour  of  the  acid  by 
means  of  a  rather  \^'ide  tube  of  thin  glass — and,  lastly,  suspending 
the  apparatus  in  the  air.  This  is  ^^  hat  then  takes  place : — The 
surrounding  temperature  being  above  that  at  which  sulphurous 
acid  boils,  the  latter  is  very  soon  in  ebullition  ;  but  the  heat  ren- 
dered latent  by  its  vaporization  lowers  the  tempprature  of  the  re- 
maining liquid,  and  produces  an  abatement  of  the  ebullition.  This 
is  soon  followed  l)y  a  renewal ;  and  thus  a  series  of  abatements  and 
renewals  of  ebullition  is  observed,  during  \\hich  tlie  differences  of 
temperature  indicated  by  the  thermometer  rarely  reach  (\^-2. 

The  limits  are  still  more  contracted  wheii  the  dc^position  of  mois- 
ture on  th(;  tube  is  avoided  by  covering  with  llannt^l  the  part  con- 
taining the  liquid.  With  from  25  to  30  grammes  of  liquid,  if  the 
operation  takes  place  uiuh^r  favourable  conditions,  the  experiment 
may  often  last  mon^  than  an  hour.  1  hnvo  constantly  re])eated  it 
in  my  lectures  for  the  last  twenty-five  years,  on  account  of  its 
facility. 

1  have  thus  found  a  number  which  dilTcrs  very  little  from  8° 
below  zero  (Centigrade).  'J'he  process,  extremely  simple,  is  ap])li- 
cable  to  all  liquefied  g.-ises  which  can  be  l\e])t  in  an  ojn')}  vessel, — 
that  is  to  sav,  wliicli  in  a  certain  tiiiK!  emit  by  ebullition  a  quantity 
of  vaj)our  that  absorbs  and  renders  latent  an  amount  of  h(«at.  ('(pial 
to  that  receiv<'(l  by  the  licpiid  from  the  surrounding  medium — a 
conditioti  from  wliieh  results  a  teinjierature  of  spontaneous  (^bnlli- 
tion  sensibly  constant. — Comptes  liindux  if,  CArmlhnie  des  Sciences, 
Jan.  27,  1873. 
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XXX.   On  Spectral  Lines  of  Low  Temperature. 
By  The  Marquis  of  Salisbury,  F.H.S.* 

IF  one  secondary  pole  of  a  powerful  inductorium  be  connected 
with  an  insulated  metal  plate,  the  other  pole  being  left  un- 
connected, and  a  thermometer  be  fixed  upright  upon  the  plate,  a 
green  light  will  be  visible  in  the  vacuum  above  the  mercury. 
In  order  to  obtain  the  effect  at  its  best,  the  battery  should  be 
slightly  stronger  than  is  necessary  to  produce  the  maximum 
spark  between  the  secondaries  of  the  coil  used;  and  the  plate 
should  be  completely  insulated.  By  what  kind  of  electric 
action  this  light  is  produced  is  not  quite  clear.  Pliicker  and 
Mr.  Gassiot,  and  others  following  them,  speak  of  a  similar  light 
j)roduced  in  a  closed  tube,  without  wire  electrodes,  as  being 
caused  by  induction.  The  process  appears  to  me  more  nearly 
to  resemble  conduction,  the  circuit  being  completed  by  leakage. 
At  the  point  wiiere  the  bulb  rests  upon  the  plate  a  discharge  is 
visible,  oxidizing  the  plate.  At  the  other  end  of  the  thermo- 
meter a  brush-discharge  may  (in  the  dark)  be  seen  escaping.  If 
a  metal  conductor  be  supported  vertically  parallel  to  the  ther- 
mometer, with  a  slight  interval  between  itself  and  the  plate,  and 
insulated  at  the  otlier  end,  a  similar  discharge  and  sinular, 
though  more  abundant,  escape  will  be  visible.  If  a  piece  of  wax 
be  inserted  between  the  metal  conductor  and  the  plate,  the  re- 
semblance will  be  closer  still.  As  long  as  the  conductor  is 
there,  the  liglit  in  the  thcruionuter  will  not  a))pear,  (u*  will 
appear  only  by  flaslies.  Wlien  the  conductor  is  icmoved,  the 
light  returns  to  the  thermometer.     It  appears,  therefore,  that 

*  Communicated  by  the  Author. 
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the  electric  action  on  the  thermometer  is  of  the  same  kind  as 
the  action  upon  the  conductor. 

But  whatever  the  process  of  electric  excitement  in  the  ther- 
mometer may  be — whether  by  induction  or  by  conduction 
through  leakage — the  exhibition  of  light  without  any  but 
the  minutest  development  of  heat  is  worthy  of  notice.  The 
heat  caused  by  a  full  discharge  through  Geissler's  tubes  is 
well  known.  It  will^  as  Wiillner  notices,  disintegrate  the  glass, 
producing  sodium-,  and  at  last  even  calcium-lines.  If  increased 
by  resistance  of  gas  of  500  millims.  pressure,  it  will  soften  and 
bend  aluminium  electrodes.  But  in  the  thermometer,  where  the 
resistance  is  that  of  the  thickness  of  a  tube  of  glass,  scarcely  any, 
if  anv,  rise  of  temperature  is  produced.  With  thermometers 
of  the  ordinary  bore,  I  have  failed,  after  many  trials,  to  dis- 
cover any  alteration  of  reading  at  the  end  of  five  minutes'  expo- 
sure to  the  discliarge  of  the  coil  in  the  manner  I  have  described. 
Four  experiments  with  a  thermometer  of  very  fine  bore,  gradu- 
ated to  tenths  of  a  degree  Fahr.,  have  given  an  average  rise  of 
three  quarters  of  a  degree  Fahr.  in  the  course  of  five  minutes. 
I  am  doubtful  whether  even  this  rise  is  to  be  attributed  to  heat, 
and  for  this  reason.  In  two  other  thermometers  a  small  portion 
of  the  column  of  mercury  was  separated  from  the  rest.  The 
action  of  the  coil  after  a  short  time  made  the  interval  wider, 
pushing  up  the  separated  fragment  without  expanding  either 
portion  j  and  in  the  interval  so  created  a  brilliant  light  ap- 
peared. It  is  evident,  therefore,  that  the  coil  tends  to  produce 
a  motion  in  the  mercury  of  the  thermometer  analogous  to  that 
observed  by  PoggendoifF  in  larger  tubes;  and  tlie  slight  appa- 
rent rise  of  three  quarters  of  a  degree  in  five  minutes,  produced 
by  the  coil  in  a  thermometer  of  very  small  bore,  may  be  due  to 
an  action  of  this  kind.  But  even  if  there  be  a  real  rise  of  tem- 
perature to  this  extent,  it  is  so  minute  as  to  be  practically  unim- 
))oitant.  In  effect,  therefore,  the  liglit  was  produced  at  a  tem- 
peiature  of  less  than  GO^  F. 

This  light  is  strong  enough  (o  be  examined  in  the  spectro- 
sco])e.  One  ])rism,  of  course,  only  must  be  used;  and  the  room 
must  be  perfectly  dark.  It  is  also  necessary  to  use  cross-wires 
in  the  telescope,  as  cross-hairs  are  too  slender  to  be  seen  in  so 
dim  a  light.  Of  course  much  the  easiest  mode  of  examination 
is  to  dispense  with  a  slit  altogether;  but  on  that  j)lan  the  lines 
of  the  spectrum,  in  some  thermometers  at  least,  are  so  rugged 
that  it  is  (liflieult  to  iih-ntify  th(;m.  I  have  therefore  been  com- 
j)elled  to  use  the  slit.  To  my  siwprise,  I  found  that  different 
thermometers  gave  different  lines ;  or  rather,  some  gave  more  lines 
than  others.  Instruments  mad(;  by  the  best  makers,  such  as 
(Jasella  or  Elliott,  give  only  the  three  following  lines.     All  the 
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lines  observed  have  been  identified  by  means  of  comparison  with 
Geissler's  tubes  showing  known  spectra.  The  wave-lengths  of 
the  hnes  in  the  tubes  so  used  for  comparison  I  afterwards 
measured  with  a  grating,  and  verified  by  Dr.  Watts's  catalogue, 
ihe  light  of  the  thermometer  itself  is  too  feeble  to  permit  of 
direct  measurement  with  a  grating. 

X=         Dr.  Watts's  No. 
aa     .     .     orange  5768  53-6 

cc     .     .     green  5460  63*3 

hh     .     .     violet  4352  124-2 

These  are  three  of  the  brightest  mercury-lines.  The  tube  of 
comparison  was  one  in  which,  previously  to  exhaustion,  some 
mercury  had  been  vaporized.  £  mention  the  grounds  of  my 
conclusion,  because  in  Wullner's  experiments  it  was  shown  that 
mercury  required  considerable  heat  before  its  lines  could  be 
made  to  appear  (Pogg.  Ann.  vol.  cxxxv.  p.  512) .  No  one,  how- 
ever, who  examines  these  lines  will  doubt  that  they  are  mercury- 
lines;  and  they  certainly  are  produced  without  any  appreciable 
rise  of  temperature.  They  appear  in  every  thermometer  I  have 
examined.  There  was  a  fourth  line  [dd)  in  one  of  Casella's 
thermometers,  apparently  coincident  with  mercurv-line  No.  84-8 
otDr.  J\atts;  but  it  was  so  feeble  that  the  cross-wires  could 
not  be  brought  upon  it  with  any  certainty. 

But  in  chemical  thermometers  purchased  from  six  makers  of 
slightly  less  repute  than  those  above  named,  four  other  lines 
made  their  appearance  in  addition.  These  do  not  coincide  with 
the  mercury-lines,  nor  with  the  lines  of  a  hydro-en-tube,  nor 
with  the  lines  of  air  ;  but  they  coincide  exactly  wkh  some  of  the 
strongest  lines  of  tubes  containing  carbon  compounds.  1  find 
them  in  carbonic  acid,  in  parafiin-oil  vapour,  in  hydrocyanic 
acid,  m  cyanogen,  in  olefiant  gas,  in  methyl,  in  coal-gas,  and  in 
carbonic  oxide.  Their  wave-length  has  been  verified  with  a 
grating  as  before. 

Tlierinometer-line.  Dr.  Watts's  carbon  spectra.       X. 

^^'  U)  58,  yellow             5602 

^/  W  74,  green               5195 

//  (/)  92,  blue                  4834 

f/ff  (m)  112,  violet               4505 

Many  observers  have  been  plagued  by  the  intrusion  of  car- 
bon-iines  in  various  tubes  where  they  had  no  place.  AViiJInu- 
even  assigns  to  carbon  one  of  the  various  spectra  which  ovviren- 
tubes  have  been  found  to  present.  These  carbon-lines  are  at- 
tributed  by  him  to  the  grease  surrounding  stopcocks  ;  by  others 
(1  think,  by  Mr.  Crookes)  to  caoutchouc  joints.  These  explana- 
tions are  clearly  not  applicable  to  thermometers:  and  I  think  a 
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simpler  one^  at  least  in  some  cases,  may  be  offered.  Every  pho- 
tographer must  have  observed  the  singular  power  which  glass, 
exposed  to  an  inhabited  atmosphere,  possesses  of  attracting  not 
only  moisture,  but  also  thin  films  of  grease.  Jf  a  photographic 
glass  plate  be  thoroughly  cleaned  and  put  aside  for  some  days,  it 
can  very  seldom  be  used  at  the  end  of  that  time  without  further 
treatment.  Unless  it  be  cleaned  afresh  with  some  solvent  of 
grease,  such  as  ether  or  strong  acid,  or  rubbed  with  tripoli,  it  will 
probably  show  on  the  finished  picture  the  streaks  which  betoken 
an  imperfectly  cleaned  plate.  What  is  true  of  a  glass  plate  is 
probably  true  of  the  inner  surface  of  a  tube.  Unless  it  is  cleaned 
with  something  more  powerful  than  water,  it  is  pretty  certain  to 
retain  a  film  of  grease.  I  interpret  these  carbon-lines,  therefore, 
as  a  simple  proof  of  slovenly  preparation.  Their  presence  or 
absence  may  serve  as  an  easy  test,  not  of  the  skill,  but  of  the  care 
with  which  the  thermometer  has  been  made.  I  find  that  it  de- 
pends more  upon  the  reputation  of  the  maker  than  on  the  price 
charged  for  the  instrument.  One  of  Elliott's  that  showed  only 
mercury-lines  is  a  common  two-shilling  instrument.  In  one 
costly,  but  apparently  very  dirty,  thermometer — besides  the  four 
carbon-lines,  one  or  two  other  very  faint  green  lines  showed 
themselves  in  the  part  of  the  spectrum  near  the  solar  line  E; 
but  they  were  too  faint  to  be  identified.  In  this  thermometer, 
after  frequent  exposure  to  the  action  of  the  coil,  a  slight  grey 
deposit  was  observable  in  the  tube  just  over  the  point  where  the 
mercury  ordinarily  stood. 

But  if  these  carbon-lines  show  grease,  why  does  the  hydrogen 
present  in  grease  not  show  its  characteristic  lines,  especially  the 
liiu;  E,  which  is  the  first  seen  of  the  hydrogen-lines?  I  believe 
the  reason  to  be  that  hydrogen  will  not  become  luminous  under 
electric  infinence  at  a  low  temperature,  while  the  vapour  of  (com- 
bined) carbon  will.  This  may  be  shown  in  a  very  simple  way. 
Place  a  Geissler's  tube,  exhausted  from  some  hydrocarbon  com- 
pound (paraffin  oil  answers  well),  upright  on  the  insulated  plate 
connected  with  one  secondary  pole.  Let  a  wire  in  C(um('\ion  with 
the  other  j)ole  be  so  arranged  that  it  can  be  at  will  a|)])lied  to  or 
withdrawn  from  the  upper  end  of  the  (jeisslcr's  tube  while  the  coil 
is  at  work.  Eirst  apply  it,  and  let  the  full  discharge  pass.  The  line 
I*'  and  the  carbon-line  I  have  named//  will  be  seen  close  together 
with  a  dee])-black  space  between  them,  giving  the  effect  (in  a 
()nc-j)rism  instrunu-nt)  of  a  groove  with  luminous  edges.  AVith- 
draw  the  movable  electrode;  E  will  immediately  disappear;  but 
the  carbon  line//will  remain,  little  dnninished  in  brightness. 
Approach  the  movabh;  eleefrode  to  the  toj)  of  tiic  tube  until  a 
spark  occasionally  j)asses.  Whenever  the  spark  passes,  the  line 
E  will  shoot  across  the  spectrum  ;  but  as  long  as  there  is  no 
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spark,  only  the  carbon-lines  will  be  visible.  It  appears  to  follow 
that  the  specific  luminosity  of  carbon  under  electric  excitement 
is  much  hii^her  than  that  of  hydrogen.  If  the  liirht  in  a  Geiss- 
ler's  tube  be  really  produced  exclusively  by  heat,  as  is  commonly 
assumed,  it  follows  that  carbon  at  low  pressure  becomes  lumi- 
nous under  the  intiuence  of  very  little  heat.  It  is  worth  noting 
that  with  a  broken  circuit,  such  as  I  have  des-cribcd,  the  carbon- 
lines  are  distinct  lines  equally  sharp  on  both  sides.  "With  a  full 
circuit  they  are  (in  the  prism)  sharp  only  on  one  side,  the  least 
refrangible  ;  on  the  other  they  show  an  expansion,  a  tendency  to 
melt  into  the  obscure  continuous  spectrum  that  lies  behind  them; 
on  this  side  they  much  resemble  the  hydrogen-lines  of  the  third 
spectrum,  produced  by  intense  heat.  In  short,  the  carbon-lines 
are  visible  when  the  hydrogen-lines  have  not  yet  appeared ;  the 
carbon-lines  have  begun  to  expand  while  the  hydrogen-lines  still 
remain  sharp.  Both  substances  pass  through  the  same  stages 
in  their  passage  to  the  continuous  spectrum  to  which  all  gases, 
by  heat  and  pressure,  can  be  ultimately  reduced  ;  but  carbon 
begins  the  process  tirst,  and  probably  finishes  it  first ;  for  it  may 
be  inferred  that  the  spectrum  of  carbon  vapour  reaches  the  con- 
tinuous condition  proportionally  sooner.  I  think  I  have  seen  it 
argued  that  there  can  be  no  carbon  gases  in  the  sun,  because 
there  are  no  carbon-lines.  It  has  certainly  been  assumed  that 
the  carbon  in  a  candle- tiarae  must  be  in  the  solid  state,  because 
the  spectrum  is  continuous.  The  above  observations  may  tend 
to  throw  doubt  on  both  these  positions.  If  this  carbon-spectrum 
is  visible  at  a  low  temperature,  it  may  reach  the  continuous  con- 
dition, and  consequently  not  be  recognizable,  at  a  temperature 
lower  than  the  flame  of  a  candle.  Of  course,  if  all  carbon-spectra 
implied  a  similar  temperature,  the  existence  of  the  Bessemer- 
spectrum  would  negative  such  an  idea.  But  Dr.  ^^  atts  has 
shown  that  this  is  far  from  being  the  case. 

I  do  not  know  whether  it  would  be  possible,  by  slight  admix- 
tures with  the  mercury  of  a  thermometer,  to  ascertain  the  lowest 
temperature  of  luminosity  in  the  case  of  other  elements  ;  but 
the  investigation  would  be  worth  making  if  it  is  practicable. 


XXXI.  On  an  advantageous  Method  of  using  the  Differential  Gal- 
vanometer  for  measuring  small  Resistances.  By  Oliver 
Heaviside,  Great  Northern  Telegraph  Company ,  Newcastle- 
on-Tyne*. 

IN  the  usual  method  of  measuring  resistances  with  the  differen- 
tial galvanometer,  the  current  from  the  battery  is  divided 
between  the    two   coils,  having  opposite  effects  on  the  needle 

.     •  Cummunicated  by  the  Author. 
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within  thenij  so  that,  if  the  currents  in  both  the  coils  are 
equal,  the  needle  is  unaffected.  The  introduction  of  resistance  in 
the  circuit  of  one  coil  will  not  affect  the  balance,  provided  an  equal 
resistance  is  introduced  in  the  circuit  of  the  other  coil.  Hence, 
if  on  one  side  we  place  a  rheostat,  and  on  the  other  an  unknown 
resistance,  the  latter  may  be  determined  by  varying  the  resist- 
ance of  the  rheostat  until  a  balance  is  obtained.  Fig.  1  is  a 
representation  of  this  ar- 
rangement. The  current 
from  the  battery,  having 
a  resistance  b  and  electro- 
motive force  E,  divides  at 
the  point  a  between  the 
coil  g  and  resistance  x, 
and  the  coil  g'  and  re- 
sistance r.  When  r  =  x, 
the  needle  is  unaffected. 

By  the  following  me- 
thod of  using  the  diffe- 
rential galvanometer,  a  much  greater  accuracy  is  obtained  when 
the  unknown  resistance  whose  value  has  to  be  determined  is 
small. 

Instead  of  dividing  the  current  from  the  battery  E  between 
the  two  coils,  I  join  up  the  coils,  so  that  the  same  current  passes 
through  both  of  them,  and  by  reversing  one  of  the  coils,  g',  pre- 
vent the  current  from  influencing  the  needle  (see  fig.  2).  The 
rheostat  ?•  is  connected  to  the 
two  ends  of  one  coil,  and  the 
resistance  to  be  measured,  x,  to 
the  two  ends  of  the  other.  It 
will  easily  be  .seen,  without 
further  exj)lanation,  that  when 
r  =  x,  the  currents  in  g  and  g' 
are  equal ;  but  should  r  not 
equal  x,  there  will  be  a  greater 
current  in  one  coil  than  in  the 
other,  and  the  needle  will  move 
in  obedience  to  the  diiFerence 
of  these  currents.  It  then  only  remains  for  me  to  show  what, 
and  under  what  circumstances,  advantages  are  obtained  by  this 
method.  To  do  so,  we  have  only  to  compare  tlie  expressions 
for  the  difference-currents  in  the  two  methods. 

By  the  first  method  the  resistance  external  to  the  battery  is 

{^+g)ir  +  g)  . 
x  +  r  +  '4g 


Fie.  2. 
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therefore  the  cui-rcnt  from  the  battery  is 

K  E(^'-l-r  +  2(/) 


B  = 


[x+y){r  +  c,l      6(a7  +  r  +  .2^)-f  (a-  +  y)(/-+^) 
x  +  r^2g 


This  current  divides  between  the  two  paths  x  +  g  and  r+g  in 
inverse  proportion  to  their  resistances ;  therefore  tlie  current  in 
9  is 

G= B  X  -^-^-  = ^^^^ , 

x  +  r+2g      b{x^-r-\-2y)-\-{x+g)[r-\-g) 

and  the  current  in  g^  is 

G'=Bx     ^"''•^     = ^(^'-^-^) 

x  +  r  +  'Zg       b{x  +  r  +  'Zg)  +  {x-^g){r+g) 
The  effective  current  (that  influencing  the  needle)  will  be  the 
difference  of  G  and  G',  say 

By  the  second  method^  the  resistance  external  to  the  battery  is 
xy  rg 


\x+g      r-^g- 
therefore  the  current  from  the  battery  is 

E  '£.{x+g){r+g) 


B  = 


x+g      r+g 


The  current  in  g  is 

X  ^x{g  +  r) 


G  =  Bx 


x+g      b{x+g){r+g)+gx{r+g)  +gr{x  +  gy 
and  the  current  in  g' 

G'  =  Bx--    = Ml±^ 

r+g      b{x+g){r+g)+gx{r+g)+g7{x-{-g) 

The  effective  current  will  therefore  be 

D  -r_r'- %(-^-^') /OA 

^2     "^  b{x+g){r+g)+gx{r+g)+gr{x+gy   '     ^'^^ 

Equations  (1)  and  (2)  give  the  effective  current  in  each 
case;  and  we  may  ascertain  the  relative  sensitiveness  of  the  two 
methods  by  comparing  Dj  and  Dj. 

D^  _        b{x  +  r  +  2g)  +  {x+g){r+g) 


D,      b{x+g){r+g)  +gx{r+g)  +gr{x+g) 


Xffi 
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and  in  the  limit,  when  x  =  r, 
Dg  _  2b  +  r  +  g 

When  r=g,    -^  =  1,  showing  that  the  two  methods  are  equally 

sensitive  for  that  value  of  r  or  x  which  equals  the  resistance  of 
one  coil  of  the  galvanometer.     When  r  is  greater  than  g,  the 

ordinary  method  is  to  be  preferred,  for  |:^  is  then  less  than  unity. 

It  can,  however,  never  be  less  than  - ,  which  happens  when 

r  is  infinite. 

But  for  values  of  r  less  than  g,  ^f  is  greater  than  unity,  and 
increases  rapidly  as  r  is  reduced,  until  in  the  limit,  when  r  =  0, 

This  proves  that  when  the  resistance  to  be  measured  is  smaller 
than  that  of  the  galvanometer-coil,  the  second  method  is  much 
to  be  preferred.  For  instance,  let  the  battery  have  a  resistance 
of  10  ohms,  the  galvanometer  (each  coil)  500  ohms,  and  r=10 
ohms,  then  the  second  method  is  17  times  as  delicate  as  the  first; 
and  if  r  were  1  ohm,  the  second  method  would  be  416  times  as 
delicate. 

In  fact,  if,  after  getting  as  true  a  zero  as  possible  by  the  ordi- 
nary method,  the  connexions  be  altered  to  the  second  arrange- 
ment, the  slight  inequality  between  r  and  x,  which  was  inappre- 
ciable by  the  ordinary  method,  will  be  at  once  rendered  evident 
by  a  large  deflection  of  the  needle. 


XXXII.  On  the  Optics  of  Mirage.  (Second  Paper.)  ^y  Professor 
Everett,  M..4.,  D.C.L.,  Queen's  College,  Belfast"^. 

XI.   \^7^E  proved  in  the  preceding  j)aper  that  wherever  a  plane 
of  maximum  index  exists,  the  surfaces-of-equal-index 
:be  law  of  index 
1  general  be 

</log/i_        g 


being  parallel  planes^  tbe  law  of  index-variation  in  its  immediate 
nei^rbbourhood  must  in  general  be 


and  that  this  law  implies  the  existence  of  conjugate  foci  at  the 
mutual  distance  tva. 

It  may  be  proved  in  like  manner  that,  when  the  surfaces-of- 

•  Communicutcd  by  the  Author. 
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equal-index  arc  circular  cylinders  having  for  their  common  axis 
a  line  of  niaxiuium  index,  the  law  of  index-variation  in  the  im- 
mediate neighbourhood  of  this  axis  must  in  general  be 

c?log/i  _       r 
dr  u? 

r  denoting  distance  from  the  axis.  Hence  it  is  clear,  from 
Sections  II.  and  III.  of  the  preceding  paper,  that  rays  diverging, 
at  small  inclinations  to  the  axis,  from  any  point  in  or  near  it, 
and  lying  in  one  plane  which  also  contains  the  axis,  will  con- 
verge to  a  series  of  conjugate  foci,  whose  common  distance  mea- 
sured parallel  to  the  axis  is  ira.  We  shall  now  show  that  this 
property  is  not  confined  to  rays  lying  in  the  same  plane  with  the 
axis,  but  extends  to  all  rays  of  small  inclination  to  the  axis. 

Employing  rectangular  axes  of  x,  y,  z,  and  making  the  axis 
oi  X  coincide  with  the  line  of  maximum  index,  it  follows*,  from 
the  supposed  smallness  of  the  inclination  of  the  rays  to  this  line, 

d^x  1 

that  Tt"  i^  negligible  in  comparison  with  the  curvature  — ,  and 

that,  to  the  same  degree  of  approximation, 

d^_d}y      d^^dH^ 

ds^       dx"^      ds^       dx^ 
The  radius  of  curvature  p  is  therefore  given  by  the  equation 


p''~\dxy  ^KdxV  ' 


d    dx       d 

dec 

-5 _  =  -_  cos  «  =  - 

-  sin  «  — 

da  ds      ds 

ds 

*  Let  ec  denote  the  iucUuation  of  the  ray,  at  point  x,y,z,  to  the  axis  of 
x;  then  we  have 

d'x 
If 

But  —  is  of  the  same  order  of  magnitude  as  -  ;   hence  -y-r  is  very  small 
ds  p  ds- 

in  comparison  with  - — that  is,  with  the  square  root  of 
We  may  therefore  write 

The  general  expression  for  j ;;  is 

d'-y  (dxy      dy  d'X 
dx-'  \ds'       dx  ds'-  ' 

dry 
of  which  the  first  term  is,  in  the  i)rescnt  case,  equal  to  -r.,  and  the  second 

vanishes. 
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and  its  direction-cosines  (regarding  it  as  drawn /rom  the  centre 
of  curvature)  are 

^'      ~Pdi^'      ~Pd^^' 

Now  the  line  r  is  in  the  osculating  plane  of  the  ray  at  the  point 
x,  y,  z,  because  the  osculating  plane  always  contains  the  direc- 
tion of  most  rapid  change  of  index ;  hence  the  lines  r  and  p  are 
coincident,  their  common  direction  being  defined  by  the  inter- 
section of  the  osculating  plane  with  a  plane  perpendicular  to  the 
axis  oi X.     Their  direction-cosines  are  therefore  equal;  that  is, 

y  _        d'^y      z  _         d'^z 
r  P  dx'^      )'  "  dx'^ 


But  we  have 
Therefore 


1  c^logyu-       r 

p  dr  c? 


z 


dx^  r  p  a}'     dx^  a^ 

But  it  is  clear,  from  Section  II.  of  the  previous  paper,  that  the 

d  u  ?/ 

general  differential  equation  of  a  ray  in  the  plane  xy  is  ,3  —  ~  ^• 

Hence  the  projection  of  a  ray  upon  the  plane  a;?/  is  identical  with 
the  path  of  a  ray  in  the  plane  xy  ;  or,  to  state  the  same  thing  in 
general  terms,  the  projection  of  a  ray  upon  any  {)lane  containing 
the  axis  of  x  is  identical  with  the  path  of  a  ray  in  this  plane. 

The  equations  of  the  projections  of  a  ray  upon  the  planes  xy, 
xz  are 

by  c,  V,  c'  being  arbitrary  constants.  They  show  that  the  ray  is 
in  general  a  helicoid  or  flattened  helix,  caj)able  of  being  inscribed 
in  a  rectangular  tube  whose  section  has  the  length  and  breadth 
2b  and  2b'. 

As  the  substitution  of  a;  +  7r«  for  x  merely  changes  the  signs 
of//  and  z,  every  object  in  the  neighbourhood  of  the  axis  of  ar 
will  yield  a  series  of  real  images  alternately  inverted  and  erect, 
their  common  distance  apart  measured  parallel  to  the  axis  oi  x 
being  ira.  The  pencil  of  rays  proceeding  from  any  point  to  its 
conjugate  will  in  general  consist  of  helicoids,  both  right-handed 
and  left-handfd,  of  every  degree  ofllatness,  from  the  true  helix 
to  the  plane  curve  of  sines.  Jf  the  ])()int  is  on  the  axis  of  x,  all 
the  rays  will  be  plane; ;  and  even  if  the  surfaees-of-ccpud-index 
be  not  circular  cylinders,  |)rovided  only  they  be  surfaces  of  revo- 
lution about  the  axis  oi  x,  rays  emanating  from  a  point  on  this 
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axis  will  converge  to  a  geometrical  focus  also  situated  upon  it, 
as  proved  (for  rays  in  one  plane)  in  the  previous  paper. 

XII.  The  path  of  a  ray  under  the  conditions  treated  in  last 
section  is  the  same  as  that  of  a  particle  attracted  towards  the 
axis  of  a?  by  a  force  varying  directly  as  the  distance.     For^  let 

T 

the  intensity  of  force  at  distance  ?•  be  -^;  then  the  components 

y  z 

parallel  to  the  axes  of  y  and  z  will  be  -^  and  —^\  so  that  the  dif- 
ferential equations  of  motion  will  be 

d^oo  _^      cf^ij  _       y       d^z  _      z 
W       '      d^~~7^'     1F~~7?' 

From  the  first  of  these  equations  we  have  x=^kt-\-k',  or,  reckon- 
ing time  from  the  instant  when  x  =  Q,  and  making  the  constant 
a7-component  of  velocity  unity, 

x  =  t. 

Hence,  putting  x  for  t  in  the  other  two  equations,  we  have 

d^J__l^     ^^_  f_^ 
dx^  c?       dx^  a^ 

which  are  identical  with  the  equations  to  the  ray. 

In  like  manner,  the  path  of  a  ray  under  the  conditions  treated 
in  Section  II.  of  the  previous  paper  is  the  same  as  that  of  a  par- 
ticle attracted  towards  the  plane  of  reference  by  a  force  varying 
directly  as  the  distance  from  this  plane. 

The  differential  equations  of  the  motion  of  the  particle  are  not 
(like  those  of  the  ray)  limited  to  paths  of  small  inclination. 

As  regards  velocity,  that  of  the  particle  increases  and  that  of 
the  ray  diminishes  as  the  hue  or  plane  of  reference  is  approached. 

Thus  far  most  of  our  reasoning  respecting  rays  has  been 
merely  approximate,  and  applicable  only  to  rays  of  small  incli- 
nation to  the  surfaces-of-equal-index.  We  now  proceed  to  some 
rigorous  deductions  from  the  law  of  ray-curvature. 

XIII.  Let  the  surfaces-of-equal-index  be  concentric  spheres. 
Required  the  law  of  index-variation  which  will  cause  all  circles 
described  about  the  common  centre  to  be  paths  of  rays. 

Putting  r  for  distance  from  centre,  the  required  condition  is 

1  _  1  _      d\o^  fi  . 

r       p  dr 

that  is, 

d  log  r-\-d  log  /w-  =  0, 
or 

/x7*  =  C,  an  arbitrary  constant. 
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As  /i  cannot  be  less  than  unity,  the  law  can  only  hold  as  far  as 
r  =  C.  Within  this  distance,  a  ray,  starting  at  any  point,  in  a 
direction  normal  to  the  radius  vector  drawn  to  it  from  the  centre 
will  describe  a  circle  about  the  centre.  A  ray  starting  at  any 
other  angle  will  describe  an  equiangular  spiral  having  the  centre 
for  pole. 

In  any  medium  in  which  the  surfaces-of-equal-index  are  con- 
centric spheres,  if  we  denote  by  6  the  angle  at  which  a  ray  cuts 
the  surface-of-equal-index  at  the  point  considered,  and  by  p  the 
perpendicular  from  the  centre  on  the  tangent  to  the  ray  at  this 
point,  we  have 

I       I  dp  a     V 

-  =  — f-,       cos  t/=  -• 
p      r  dr  r 

Hence,  by  the  law  of  ray-curvature,  we  have 

1  dp  d\o":a        ^  I  da  p 

— j-= P-^  cos  t^  = f J 

r  dr  dr  /a  dr  r 

or 

dp  _      dp, 

p  ~       p,' 
or 

p,p  =  C, 

a  well-known  result,  usually  obtained  by  regarding  continuous 
variation  of  index  as  the  limit  of  an  indefinite  number  of  small 
changes />6'r  saltuui. 

XIV.  When  the  surfaces-of-equal-index  are  coaxial  circular 
cylinders,  the  radius  of  any  cylinder  being  called  r,  the  value  of 

— "f  ^  is  the  product  of  —  by  the  secant  of  the  angle  at  which 
dr  ^  p 

a  ray  cuts  the  surface-of-equal-index  at  the  point  considered ; 

and  this  product  will  be  the  same  for  all  rays  at  the  same  value 

of  r.     If  the  ray  be  a  helix  described  on  one  of  the  cylinders, 

the  angle  in  question  is  zero,  and  the  curvature  —  of  this  helix 

will  be  equal  to  the  value  of  — -~-  for  this  cylinder. 
Let  the  equations  of  the  helix  be 

M  =  rco8— ,     ;:  =  rsin— • 
^  a  a 

1  r 

Then  the  value  of  -  is  fouud  to  be     .,    -  ,.      Hence  we  have 
p  n^  +  r'' 

d\()<xp,  r 

'   dr      ^  "««  +  /■'*' 
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that  is, 

d\ogfi=  — i«?log  [a^  +  r^], 
or 

In  a  medium  in  which  this  law  prevails,  every  helix  of  step  27ra, 
coaxial  with  the  surfaccs-of-equal-index,  will  be  a  ray-path  ;  and, 
conversely,  every  helical  ray  in  the  medium  will  have  the  step  Qira. 

T 

In  the  immediate  vicinity  of  the  axis,  -^ — ^  is  sensibly  equal 

to  -5,  and  the  law  of  index  now  under  consideration  becomes 
cr 

equivalent  to  that  discussed  in  Section  XI. 

The  step  will  be  zero,  and  the  helices  will  become  circles,  if  a 
be  zero,  in  which  case  the  law  of  index  becomes  /Ltr  =  C,  as  in 
Section  XIII. 

In  general,  when  the  surfaces  of  equal  index  are  circular  cy- 
linders having  for  their  common  axis  a  line  of  maximum  index, 
helical  ray-paths  will  exist  at  all  distances  from  the  axis,  and  to 
each  distance  there  will  correspond  a  different  step.  The  step 
for  any  distance  r  will  in  fact  be  determined  by  putting 

c?log/i_  r 

and  multiplying  the  value  of  a  thus  found  by  %'k. 

XV.  AVe  found  in  Section  II.  of  the  previous  paper  that,  for 
rays  of  small  inclination  to  converge  to  foci  in  a  medium  in  which 
/i,  is  a  function  of  the  distance  xj  from  a  plane  of  reference,  the 
law  of  index-variation  must  be 

6^  log /A  _       y 
dy  a*' 

and  that  the  rays  will  be  curves  of  sines.  Let  us  now  ex- 
amine the  consequences  of  supposing  all  rays  (whatever  their 
inclinations)  to  be  curves  of  sines,  the  surfaces-of-equal-index 
being  still  supposed  to  be  parallel  planes. 

The  curvature  -  is,  by  the  general  law  of  ray-curvature,  equal 

d\o^u,d.v         1-      ,  ,  d'^)/ /d.v\^  . 

to ~l^      — ,  and  IS  also  equal  to  -  -~,[j^)   by  geometry. 

Hence  we  have 

d\ 

,'2 

,     .     .     (L) 


</log/i  1  //.<>  d,r^ 


dy  p  dx 


^-m 
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But  the  equation  of  any  ray  through  the  origin  of  coordinates  is 
to  be  of  the  form 

y  =  A  sin  — ; 

whence 

dy      h        X       d'^y  h    .    x 

^=— cos— J     ~^-=. 5-sin— • 

dx       a        a       dx'-  a"-        a 

Equation  (L)  therefore  gives 

„  —0  sin- 

olog/A  a  — y 


"^y         fl2  +  6«cos«^      «^  +  6^-y' 
a 

But  — — f —  is  to  be  simply  a  function  of  ij,  and  therefore  is  not 

to  vary  from  one  ray  to  another.  Hence  the  expression  a^-^b'^ 
in  the  denominator  of  the  expression  last  found  must  be  con- 
stant, and  may  be  denoted  by  c^.  The  equation  may  then  be 
written 

d\o^fi=^d\o^{c^-i/), 
or 


/Aq  denoting  the  value  of /a  in  the  plane  of  reference.  Hence  it 
is  clear  tliat  when  yu,  varies  as  Vc^—y'^,  all  rays  will  be  curves 
of  sines ;  and  W  h  denote  the  amplitude  of  one  of  these  curves, 
its  half-wave-lcn";th  vvdl  be 


Tta  —  TT  V c^  —  l)^, 

whicli  diminishes  as  amplitude  increases. 
For  small  amplitudes  we  have 

a=  ^/c^—h^  =  c\/\—  ~=c\\—  ^ A  nearly. 

Hence  the  limiting  value  of  half-wav^-lcngth,  or,  in  other  words, 
the  geometrical  focal  length,  is  ire,  and  the  aberration  IVom  this 

focal  length  is  always  negative,  its  value  being  —ir^y 

When  /;  (and  therefore  also  ?/)  is  small  compared  with  a,  the 

value  of        .        above  ()!)taiiu',(I  bcconu-s  sensibly  equal  to  —  "a, 

dij  ''      ^  a^ 

thus  confirming  our  ])r(;vi()us  !i|)pr()\iiii;it(".  results. 

XVI.    Next  let  us  sf(;k  a  law  of  index-variation  (flic  surfaces- 
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of-equal-index  being  still  parallel  planes)  which  will  cause  all 
rays  to  be  arcs  of  circles. 

Let  a  and  b  be  the  coordinates  of  the  centre  of  one  of  these 
circles,  the  ray  being  supposed  to  pass  through  the  origin,  and 
the  radius  of  the  circle  being  called  c.  Then  the  equation  of  the 
ray  will  be 

x^—2ax  +  y^-2b7j  =  Q, 

ds      .             c 
the  value  of  -^  will  be  j',  and  since  p  is  c,  we  have  by  equa- 

Cidu  Xj  ~^  0 

tion  (L), 

d  log  fi  _      1  ds  _       1^_  1, 

dj/  p  dx  c  y  —  b  y  —  6* 

that  is, 

d\o^  fi=  —d\o^  {y  —  b), 
or 

y  —  b  clearly  denotes  distance  from  a  fixed  plane,  parallel  to  the 
plane  of  reference,  and  passing  through  the  centre  of  the  circular 
ray  considered.  The  result  which  we  have  obtained  accordingly 
indicates  that,  if  the  value  of  /u,  on  one  side  of  the  plane  of  refer- 
ence vary  inversely  as  distance  from  a  fixed  plane  on  the  other 
side  of  and  parallel  to  the  plane  of  reference,  all  rays  on  the  first- 
mentioned  side  will  be  arcs  of  circles,  having  their  centres  in 
the  said  fixed  plane. 

If  the  medium  is  symmetrical  about  the  plane  of  reference, 
there  will  be  two  such  planes  of  centres,  and  the  complete  course 
of  a  ray  will  be  a  wavy  line  consisting  of  equal  circular  arcs  suc- 
ceeding one  another  in  reversed  positions.  The  half-wave- 
length may  have  any  value  from  zero  to  infinity,  the  expression 
for  it  being 

where  c  varies  from  one  ray  to  another,  while  b  is  constant. 

When  the  two  planes  of  centres  merge  into  one  (or,  in  other 
words,  when  b  is  zero),  the  arcs  become  semicircles,  and  a  curious 
question  arises  as  to  the  course  of  a  ray  after  cutting  the  plane 
of  reference  at  right  angles.  If  a  ray  once  become  normal  to 
the  planes-of-cqual-index,  what  is  to  make  it  swerve  to  one  side 
more  than  to  the  other?  Tiie  difficulty  vanishes,  or  at  least  is 
iiidetinit(!ly  postponed,  when  we  remember  that  the  velocity  of 
the  ray,  being  inversely  as  /x,  diminishes  to  zero  in  approaching 
the  ])lane  of  reference,  and  infinite  time  will  be  required  to  reach 
this  plane. 

The  results  which  we  have  established  in  the  present  section 
might  have  been  deduced  at  once  from  the  undulatory  theory 
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without  any  application  of  analysis.  For  if  //.  is  inversely  as  the 
distance  from  a  fixed  plane,  velocity  is  directly  as  this  distance, 
and  the  velocities  at  all  points  in  a  plane  wave-front  are  there- 
fore directly  as  their  distances  from  the  intersection  of  the  wave- 
front  with  the  fixed  plane.  Hence  the  wave-front  will  swing 
round  the  line  of  intersection  like  a  door  upon  its  hinges,  and 
each  point  in  the  wave- front  will  describe  a  circular  arc,  which 
will  be  the  path  of  a  ray. 

XVII.  Instead  of  employing  the  differential  equation  (L),  we 
might  have  employed  its  integral,  which  can  be  reduced  to  the 
form 

^cos  ^  =  0, 

a  being  a  quantity  which  is  constant  for  any  one  ray,  but  which 
varies  from  one  ray  to  another.  This  result  has  been  previously 
established  in  Section  IV.,  and  is  in  fact  merely  a  statement  of 
the  law  of  sines  as  applied  to  a  medium  in  which  the  surfaces-of- 
equal-index  are  parallel  planes. 

Again,  since  the  curvature  of  a  ray  depends  only  on  the  varia- 
tion of  log/A,  we  shall  have  precisely  the  same  paths  with  the 

law  fi=/{y)  as  with  the  law  /x  oc/(y),  since  — -^-^  will  have  the 

ay 

same  value  in  both  cases.     The  only  limitation  to  this  remark 

depends  upon  the  circumstance  that /a  cannot  be  less  than  unity. 

A  small  constant  factor  applied  to  f{y)  may  therefore  diminish 

the  range  through  which  tlie  law  /jl  cnj{y)  can  hold. 

To  obtain  a  convenient  formula  for  determining  the  path  of 

rays  when  fj,  is  given  as  a  function  of  y,  observe  that 

\d,(/  (/A  cos  6/)^         a^ 


whence 

fix 


'^y     '/{/(y)^-«n 


(N) 


which  is  the  general  differential  equation  to  the  paths  of  rays  in 
the  medium,  a  being  a  paran)eter  wliich  varies  from  ray  to  ray. 
The  following  are  some  of  the  cases  in  which  the  equation  can 
be  integrated. 

(lie  Qt 

(1)  II  cry,  -r  =— t-..    ~-tt  the  differential  equation  of  a  ca- 
^   '  ^      -"   (hj        x^}/  —  ,/^'  ^ 

tenary,  the  axis  of  x  being  the  line  which  is  commonly  employed 

as  axis  of  x  in  treating  of  the  properties  of  the  curve,  and  a  being 

tlie  (listanee  of  the  vertex  of  the  curve  from  this  axis. 

Tiie  cases  fi<j:y±l)  and  fi<xO  —  y  are  reducible  to  this  by 

substitution. 
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(2)  /x  cr  Vy,   7-  =  —      ■     ,   the  differential  equation    of  a 

«y       vy  —  a"^ 
parabola,  with  the  axis  of  x  for  directrix,  and  0^  for  distance  of 
vertex  from  directrix. 

The  cases  11  cc  \^y±.b  and  jm  c/:  \^ b—y  arc  reducible  to  this. 

(3)  u,  (X:-)  ~r  =        . =^  =      ,  — -^ ,  the  differential 

equation  to  a  circle  of  radius  -   bavin;;  its  centre  on  the  axis 

*  a 

of  X.     This  result  agrees  with  Section  XVI.  The  cases  /i  cc 


y±b 

and  u  a  5 are  reducible  to  this. 

b-y 

tial  equation  of  a  cycloid  generated  by  a  circle  of  diameter 
rolling  along  the  axis  of  x.     The  cases  /j.  qc  — and 


a 


fjL  a  — ■ are  reducible  to  this. 

\^b-y 


Vy±b 


—   dx  ^  .     , 


aresult  which  agreeswith Section  XY.  Thecase//,Gc  S^q+py—y"^ 
is  reducible  to  this. 

, (Ix  a  . 

(G)   ^  cr.  Vf±U\  ^^  =  Vf±iF^^'  ''^'''''' 

x+c  .r+(7 

2y  =  e'^  +  {(r±by-~^, 

or,  determining  c  so  as  to  make  -r-  vanish  with  x, 

ax 

2y=\^a'^±b%e'+e~'''). 
The  ordinates  of  the  curve  have  therefore  the  constant  ratio 

— — —  —  to  those  of  a  catenary.     The  case  /x  c/r  ^y'+py  +  q  is 

reducible  to  this. 

(7)  fi  oce*^,  or  --J°^  =  b ;  so  that  the  curvature  for  a  given 
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inclination  of  ray  is  the  same  in  all  parts  of  the  medium.     We 
have 

dx  a 


or,  putting  e^^—z, 


dy       >^{f'"J  —  d^) 


dx  _a  1  _1       _^z 

dz      b  zV  z'^  —  a^  b  a 

Making  c  =  0,  this  gives  e''^  =  asecbx ;  and  y  will  be  infinite 

when  bx=  —,  so  that  the  line  a?=  ^  is  an  asymptote. 

Some,  at  least,  of  the  foregoing  seven  cases  are  to  be  found  in 
existing  text-books  and  examination-papers ;  but  I  believe  that 
the  method  here  set  forth  is  an  improvement  upon  that  generally 
adopted. 

XVIII.  The  following  additional  proof  of  the  general  law  of 
ray-curvature  is  interesting,  as  being  directly  deduced  from  the 
law  of  least  time. 

Let  T  denote  the  time  of  passage  of  a  ray  from  a  fixed  point 
to  the  point  whose  coordinates  arc  x,  y,  z.  Let  «,  yS,  7  be  the 
angles  which  the  forward  direction  of  the  ray  at  x,  y,  z  makes 
with  the  axes,  and  let  /i  be  the  index  and  v  the  velocity  at  .r,  y,  z, 

V 
so  that  fi=  —,  where  V  denotes  the  velocity  in  vacuo. 

Draw  a  short  line  from  x,  y,  z  in  any  direction  perpendicular 

to  the  ray  at  this  point,  and  let  its  direction-cosines  be  /,  m,  n. 

13y  the  principle  of  least  time  (or,  more  correctly,  of  stationary 

time),  the  value  of  T  will  be  the  same  (to  the  first  order  of  small 

quantities)  from  the  fixed  point  to  both  ends  of  this  short  line; 

that  is, 

,dT_^    dT  ^    dT     „ 
l--j--^m--  -l-?z-— =0. 
dx         dy  dz 

/cosa-f-mcosyS-f  wcos7  =  0 ; 

d^       dT        d;i 

dx  dij  dz 

cos «       non  ji       cos  7  11* 

Again,  if  we  draw  a  short  line  along  the  ray  from  x,  y,  z,  the 
values  of  T  I'rom  the  iixed  point  to  the  two  ends  of  this  line  will 
differ  by  the  time  of  traversing  this  line.     Hence  we  have 

dT  dT       ^  ,  dT  1 

-7—  cos  «  +  -7—  COS  a  -f-  -7—  cos  7  8=  -  • 
dx  dy  dz        '      V 


But  also 
therefore 
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r/T  f/T  dT 
Substitutinf;  for  -j-,  -^,  -p- their  values  A- cos  a,  Z;cos/3,  Acosy, 
dx    uij    dz 

we  have 

Therefore 

V  ^T  n     ^  dT  V  JT 

cosa= r-:  cosn= r    ;  cos 7= p-- 

/Lt   dx  '         ^      jM  dij  '  '      fjt.  dz 

To  apply  these  last  formulre  to  the  investigation  of  the  curva- 
ture of  the  ray  at  any  point,  make  the  axis  of  x  coincide  with 
the  tangent  (drawn  forwards),  and  the  axis  of  y  with  the  prin- 
cipal radius  of  curvature  (drawn  from  the  point  tov.ards  the 
centre  of  curvature) .  Then,  in  the  neighbourhood  of  the  origin, 
we  have,  to  the  first  order  of  small  quantities, 

VfZT  ^       . 

—  =  cosp=  sui  «  =  « ; 

fi  dy 

and  the  curvature  is 

YdiMdT      V  <^^T 
vyii  dij  J~       fjr  dx  dy       [l  dx  dy 
But 

dT  „  ,r/T  1  fL 

-=0,and-  =  -  =  ^. 


p       dx      dx  \iJL  dii  J 


Therefore 


V    d^T   _V  d  (tx,\_\  dji 
\Y)~f,dy' 


p      fi  dxdy       fM  dijV 

and,  from  our  choice  of  axes,  ~  denotes  the  rate  at  which  /m  iu- 

'  dy 

creases  in  travelling  towards  the  centre  of  curvature. 

Two  other  proofs  will  be  found  in  Tarkinson's  'Optics,'  arts. 

122,  123;  the  result  there  obtained,  namely 

/M  _  dfi,  dy       dfi  dx 
p  ~  dx  ds        dy  ds 

being  clearly  equivalent  to  that  which  we  have  employed,  since 

—  and  —  -7-  are  the  direction-cosines  of  p. 
ds  ds 

I  may  also  remark  that  the  formula 

d^  __  d  f    dx\ 
dx~ds\^dsj' 

which  is  usually  obtained  by  a  difficult  application  of  the  Cal- 
culus of  Variations,  can  be  immediately  derived  from  the  princi- 

S  2 
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pies  employed  in  this  section.     For  since 


we  have 


ch      V  (IT        ,  cIT      a 
-7-  =  -  -J-,  and  -J-  =  ^, 
cis      fi,  ax  as       V 


dx      dx\      ds )      ds  \    dx)~ds\ds)' 
For  this  proof  I  am  indebted  to  Professor  Clerk  Maxwell. 


XXXIII.  On  a  simple  Device  for  projecting  on  a  Screen  the  De- 
flections of  the  Needles  of  a  Galvanometer.  By  Alfred  M. 
Mayer,  Ph.D.,  Professor  of  Physics  in  the  Stevens  Institute  of 
Technology,  Hoboken,  New  Jersey,  U.S.A."^ 

THE  instrumental  problem  of  obtaining  on  a  screen  the  de- 
flections of  a  galvanometer-needle  in  magnified  propor- 
tions has  occupied  the  thoughts  of  sevei-al  physicists.  The  sub- 
ject is  evidently  one  of  considerable  importance.  In  delicate 
researches  it  is  often  necessary  that  the  body  of  the  observer 
should  be  removed  from  the  instrument,  while"  at  the  same 
time  he  must  be  able  to  observe  the  minute  deflections  of  its 
needles.  In  lectures  before  our  college-classes  many  of  the 
most  interesting  and  fundamental  phenomena  of  radiant  heat, 
electricity,  and  magnetism  arc  often  cither  entirely  omitted  or 
imperfectly  presented,  in  default  of  an  instrument  which  can  be 
constructed  by  any  one  at  a  small  outlay  of  time  and  expense. 
The  j)roblcm,  therefore,  has  not  been  deemed  below  the  serious 
attention  of  eminent  investigators ;  and  although  there  are 
some  who  consider  such  contrivances  trivial,  yet  I  imagine 
they  would  think  otherwise  if  they  had  the  habit  of  continued 
original  investigation,  or  the  proper  ambition  to  address  their 
students  in  the  very  language  of  Nature  by  bringing  them  face 
to  face  with  those  phenomena  which  form  the  sure  foundations 
of  our  scieutilic  reasoning. 

The  method  invented  by  PoggendorfF,  of  observing  the  de- 
flections of  the  galvanometer  by  reflecting  to  a  screen  a  beam  of 
light  from  a  small  mirror  attached  to  the  needles,  has  been  used 
for  many  years.  Sir  AVilliam  Thomson  and  Professor  Tyndall 
have  extensively  used  this  method  ;  and  it  has  the  advantage  of 
giving  to  the  reflected  beam  an  angular  motion  the  double  of  that 
given  to  the  mirror  by  the  needles.  More  recently  Dr.  Tyndall 
has  devised  an  instrument  on  the  principle  of  the  nicgascoj)e. 
He  throws  a  vertical  beam  from  an  electric  lamp  on  to  the 
dial  and  needle  of  the  galvanometer,  and  by  means  of  a  lens  and 
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inclined  mirror  placed  above  tliem  he  obtains  their  images  on 
the  screen. 

In  the  Number  of  this  Journal  for  July,  1872, 1  published  the 
description  of  a  new  form  of  " Lantern-Galvanometer/'  which 
article  was  subsequently  republished  in  Dr.  CarPs  Repertorhnn. 
This  instrument,  although  it  served  admirably  in  the  experiments 
for  which  it  was  specially  devised,  yet  is  of  difficult  construction 
and  of  limited  appUcation  when  compared  with  the  very  simple 
apparatus  I  will  now  proceed  to  describe. 

G  is  the  glass  shade  of  the  galvanometer,  on  which,  at  g, 
are  drawn  in  iudia-ink  the  vertical  graduation-lines  of  the  in- 
strument.     A  is  a  piece  of  aluminium  wire,  to  whose    lower 


end  are  fixed  the  needles  of  the  galvanometer,  and  whose  upper 
end  is  perforated  with  a  small  hole,  so  that  the  system  can 
be  suspended  by  a  silk  fibre.  A  fine  wire  of  German  silver 
(W)  is  attached  transversely  to  the  aluminium  wire,  and  has  its 
ends  bent  downwards  at  right  angles  to  its  length.  This  trans- 
verse wire  can  be  placed  at  any  azimuth  by  rotating  it  around  its 
centre,  which  is  coiled  two  or  three  times  round  the  vertical  vtire 
of  aluminium.  On  one  of  the  bent  ends  of  the  transverse  wire  is 
cemented  a  diamond-shaped  piece  of  light  paper  or  foil ;  and  the 
other  end  carries  a  small  ball  of  wax  whose  weight  equals  that  of 
the  piece  of  paper  or  foil.  The  diamond  courses  around  the 
shade  at  about  1  millimetre  from  its  interior  surface,  with  its 
lower  point  just  above  the  lines  of  graduation.  At  C  are  re- 
presented the  condensing-lenses  of  an  oxyhydrogcn  lantern 
whose  jet  and  lime  are  at  L.  0  is  the  objective,  which  gives  on 
the  screen  the  magnified  image  of  pointer  and  scale,  as  seen 
at  S.  This  scale  is  not  graduated  into  equal  angular  divisions, 
but  its  units  represent  units  of  deficcting-force  traversing  the 
galvanometer;  and  this  scale  is  therefore  derived  from  a  careful 
calibration  of  the  instrument. 

The  sharpness  of  the  image  on  the  screen  is  admirable ;  aud 
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with  the  calcium-light  it  is  distinctly  visible  in  a  room  consi- 
derably illuminated  by  daylight.  With  less  illumination  of 
the  room  I  have  used  the  instrument  when  the  calcium-light 
was  replaced  by  a  kerosene-flame. 

Evidently  the  precision  of  the  indications  of  the  apparatus 
just  described  are  vitiated  by  the  parallax  of  the  index;  for  it 
does  not  describe  a  cylinder  v/hich  is  an  extension  of  the  one  on 
which  are  drawn  the  graduations.  This  error  is  avoided  by 
cementing  on  the  inside  of  the  shade  a  curved  piece  of  glass 
whose  radius  of  curvature  equals  the  arm  carrying  the  index, 
and  whose  centre  coincides  with  the  axis  of  the  aluminium  wire, 
uith  this  modification  in  the  apparatus  I  have  succeeded  in 
reading  with  precision  deflections  to  6'  of  arc. 

J3y  the  following  arrangement,  deflections  to  1'  in  an  arc 
extending  5°  on  each  side  of  the  0-point  can  be  determined.  A 
thin  slip  of  microscope-cover  glass  is  coated  with  a  layer  of 
black  varnish,  and  through  this  varnish  are  cut,  in  a  dividing- 
engine,  tine  equidistant  lines.  The  diamond-shaped  pointei-  is 
replaced  by  a  light  piece  of  cover-glass,  also  coated  with  var- 
nish, and  having  cut  on  it  one  fine  vertical  line.  These  lines 
are  illuminated  by  the  lantern;  and  in  front  of  them  is  placed 
an  inch  or  an  inch-and-a-half  objective.  On  the  screen  w^e 
have  the  graduations  as  a  series  of  bright  lines  on  a  dark 
ground,  and  along  them  moves  the  bright  index-line  of  the 
pointer. 

The  zero-points  of  the  scales  can  be  brought  accurately  to 
coincide  with  the  normal  position  of  the  index  by  revolving  the 
shade  on  its  base ;  and  by  turning  the  transverse  wire  so  that 
it  points  towards  the  screen  when  the  needles  of  the  galvano- 
nomctcr  have  come  to  rest,  wc  can  readily  project  the  image 
of  the  index  and  scale  in  any  desired  direction. 

Although  there  arc  some  advantages  in  having  the  scales  at- 
tached to  the  galvanometer  and  in  obtaining  on  the  screen 
their  magnified  images,  yet  we  can  save  nnxch  time  in  the  con- 
struction of  the  ajjparatus  by  substituting  for  them  scales  drawn 
directly  on  the  screen  in  very  black  india-ink. 

My  experience  with  this  instrument  has  led  me  to  ])rcfer 
the  use  of  only  one  magnetic  needle,  the  one  enclosed  in  the 
coil  of  tlic  galvanometer ;  and  this  needle  I  render  more  or  less 
astatic  by  means  of  a  damping-magnet  placed  above  the  galva- 
nometer and  sliding  on  a  vertical  rod  and  rotating  on  its  centre 
around  the  same.  JJy  means  of  the  magnet,  one  can  with  expe- 
dition adapt  the  sensitiveness  of  the  instrument  to  the  require- 
ments of  sjjccial  experiments;  and  thus  the  galvanometer  is 
admirably  suited  for  all  ex|)eriments  on  radiant  heat,  electricity, 
or  nuigneto-electricity.     In  fact,  on  holding  my  baud  at  a  dia- 
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tauce  of  15  centimetres  from  the  face  of  a  thermopile  without 
its  conical  retlector,  I  have  often  detlectcd  the  needle  30°. 

One  might  suppose  that  the  heat  from  the  source  of  light 
would  cause  currents  of  air  in  the  shade  and  make  the  needle 
fluctuate ;  but  I  have  not  met  with  this  difficulty ;  and  should 
it  arise,  it  can  be  removed  by  placing  in  front  of  the  condensing- 
lenses  a  glass  tank  containing  an  aqueous  solution  of  alum. 

The  evident  superiority  of  this  instrument  in  simplicity  of 
construction  over  all  preceding  devices  will  at  once  commend  it ; 
indeed  any  one  in  an  hour  or  two  can  convert  his  galvanometer 
into  a  more  convenient  and  precise  instrument  for  research,  and 
for  the  illustration  of  phenomena  which  have  heretofore  been 
presented  to  students  only  after  considerable  ti'ouble  on  the  part 
of  the  Professor.  Now,  however,  the  whole  of  the  beautiful 
phenomena  of  radiant  heat,  which  require  a  delicate  instrument 
for  their  evolution,  can  be  exhibited  with  case  and  pleasure  before 
our  college-classes. 
December  31,  1872. 

XXXIV.   On  Differential  Galvanometers. 

By  Louis  Schwendler,  Esq."^ 

Continued  from  vol.  xliv.  p.  1/0. 

^PIIE  first  part  of  this  investigation  concluded  with  the  fol- 

A      lowing  question  : — 

What  general  condition  must  he  fulfilled  in  the  construction  of 
any  differential  galvanometer  in  order  to  make  a  simultaneous 
maximum  sensitiveness  possible  with  respect  to  an  alteration  of 
external  resistance  in  either  of  the  differential  branches  ? 

To  answer  this  question,  it  will  be  necessary  to  remember  that 
the  condition  of  a  simultaneous  maximum  sensitiveness  at  or 
near  balance  was  expressed  by  three  equations,  namely, 

{xo -g) jw'  +g')  +fiw  +  iv'  +g' -g)  ^        2{g  +  w+f)  jj 

p{g~iv)g'  '^Vg\^fj'—p{g  +  i^y 

'"'^  [/'  +  io'-p^^^{[,  +  n)=i), (L) 

g  and  g'  being  the  resistances  of  the  two  differential  coils,  lo 
and  vo'  the  two  resistances  at  which  balance  actually  arri\es,  / 

*  Communicated  by  the  Author,  from  the  Journal  of  the  Asiatic  Society 
of  Bengal,  vol.  xlii.  part  2,  187o ;  having  been  read  before  the  Society 
March  6,  18/2. 
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the  total  resistance  in  the  battery  branch,  and  j)  an  absolute 
number  expressing  what  was  termed  the  "  mechanical  arrange' 
ment "  of  the  differential  galvanometer  under  consideration. 

By  these  three  equations,  which  are  independent  of  each 
other,  (/,  (J ,  and  p  can  be  expressed  in  terms  of  w,  w\  and/. 

By  equation  (I.)  we  have,  at  or  very  near  balance, 

g-\-w     Vg^' 

which  value,  substituted  in  equations  (II.)  and  (II'.),  gives 

{io-g){iv'+g')  +f{iv  +  iv^+g'-g)  ^    2{g  +  w+f) 

{g'  +  w'){g-w)g'  i^gf—u/){g-^w)    '   ^    '^ 

and 

{i<^'-rM^''  +  9)  +/(?^-  +  t^'+^-y)  ^    2(y+?r'+/)    . 

{g  +  iv]{g'—iv'}g  [g-i(;){gl  +  w')' 

and  from  these  two  equations  g  and  g'  may  be  developed. 

This  is  best  done  by  subtracting  equation  (II.)  from  equation 
(II,')j  when,  after  reduction,  we  get 

{ic'g — wg')  {i(/g  +  wg'  +  gg'  +  wiv') 

=  -f{[/+l/'  ■\-iv-^^'){iv'g-tvg').     .     .     (III.) 

Now  it  must  be  remembered  that,  with  respect  to  our  physical 
problem,  /,  w,  10',  g,  and  g'  rcpi-esent  nothing  else  but  electrical 
resistances,  and  that  they  have  therefore  to  be  taken  in  any 
formula  as  quantities  of  the  same  sign  (say  positive). 

Consequently  the  above  equation  (III.)  would  contain  a  ma- 
thematical imj)ossibility  (a  positive  quantity  equal  to  a  negative 
quantity)  whenever  the  common  factor  n-'g  —  icg'  i?,  different  from 
zero. 

In  other  Mords,  equation  (III.)  can  only  be  fultillcd  if  wc 
always  have 

w'g—wg'z=:0 (IV.) 

This  simple  relation  between  the  resistances  at  which  balance 
arrives  and  the  resistances  of  the  two  differential  coils  expresses 
not  only  the  necessary  and  sufficient  condition  under  which  a 
simultaneous  maximum  sensitiveness  can  exist,  but  it  also  affords 
an  easy  means  of  getting  at  once  those  special  values  of  g,  g\ 
and  2>y  ^vhicll  ojdy  solve  the  ])hysical  problem. 

Substituting  the  value  of  either^  or /y',  as  given  by  equation 
(IV.),  in  equations  (II.)  and  (II'.)  and  developing  y  aud  ^',  we 
have 
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the  negative  signs  of  the  square  roots  having  been  omitted,  since 

they  would  obviously  make  y  and  (j'  negative,  values  which  cannot 

solve  the  physical  question. 

•    0        w 
Further,  if  we  introduce  the  ratio  —  =  — ,  given  by  equation 

(IV.),  into  equation  (I.),  and  develop^;,  we  get 

c        W 

p-=  — (c) 

This  latter  expression  shows  the  very  simple  relation  which 
must  exist  bet"ween  the  meclianical  arrangement  of  any  differen- 
tial galvanometer  and  the  two  resistances  at  which  balance  is 
arrived  at  in  order  to  make  a  simultaneous  maximum  sensitive- 
ness possible. 

Thus  if  the  ratio  of  the  two  resistances  at  which  balance 
arrives  is  fixed,  the  mechanical  arrangement  }i  cannot  be  chosen 
arbitrarily,  but  must  be  identical  with  this  ratio.  This  is  in  fact 
the  answer  to  the  question  put  at  the  beginning  of  this  paper. 

However,  the  meaning  of  this  result  will  be  made  even  still 
clearer  if  we  revert  to  equation  (I.),  by  which  we  have 

p^=i+jl=Q,   ....  (I.) 

^    s/g       g  +  iu         '  ^    ^ 

expressing  the  ratio  between  the  total  resistances  in  the  two 
differential  branches  when  balance  is  established,  which  ratio 
is  generally  known  under  the  name  Constant  of  the  Differential 
Galvanometer. 

Substituting  in  the  above  expression  (I.)  the  value  of  ^  =  — , 

from  equation  (IV.)  we  get  at  once 

t=^-' ;   ;   W 

and  as  a  second  answer  to  the  question  put  at  the  beginning  of 
this  paper  we  have  therefore  : — 

A  simultaneous  maximum  sensitiveness  ivith  respect  to  an  alte- 
ration of  external  resistance  in  either  branch  of  any  differen- 
tial galvanometer  can  be  obtained  only  if  the  constant  of  the 
differential  galvanometer  is  equal  to  the  ratio  of  the  two  resist- 
ances at  which  balance  arrives;  and  this  clearly  necessitates 
that  the  resistances  of  the  respective  coils  to  which  to  and  iv' 
belong  should  stand  iu  the  same  ratio. 
*  See  note  at  end. 
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The  general  problem  may  now  be  regarded  as  solved  by 
the  following  four  general  expressions  :  — 


W 


^-,7-^' w 


w 


w 


p-^.- w 


C  =  ^ id) 

*  Additional  Remarks. 

In  the  foregoing  it  has  not  been  shown  that  the  values  g 
and  y'  expressed  by  equations  (a)  and  [b]  must  necessarily  cor- 
respond to  a  maximum  sensitiveness  of  the  differential  galva- 
nometer, because  it  was  clear  a  priori  that  the  function  by 
which  the  deflection  is  expressed  is  of  such  a  nature  that  no 
minimum  with  respect  to  cj  and  g'  is  possible.  However,  to 
complete  the  solution  mathematically,  the  following  is  a  very 
short  proof  that  the  values  of  g  and  g'  really  do  correspond  to 
a  maximum  sensitiveness  of  the  differential  galvanometer  under 
consideration. 

Reverting  to  one  of  the  expressions  for  the  deflection  a° 
which  any  diftercntial  galvanometer  gives  before  balance  is  ar- 

y  0 
rived  atj  we  had  a'^x  K  ^- A;  and  as  the  increase  of  deflection 

at  or  near  balance  is  identical  with  the  deflection  itself,  and, 
further,  as  the  law  which  binds  the  resistance  of  the  differ- 
ential coils  to  the  other  resistances  in  the  circuit  in  order  to 
have  a  maximum  sensitiveness  is  of  practical  interest  only  when 
the  needle  is  at,  or  very  nearly  at,  balance,  we  can  solve  the 
question  at  once  by  making  a°  a  maximum  with  respect  to  g 
and  y,  if  we  only  suj)pose  A  constant  and  small  enough  ;  and 
as  K  is  known  to  be  independent  of  g  and  g',  the  deflection 

a°  will  be  a  maximum  if  -~  is  a  maximum  for  any  constant 

A  (zero  included). 

Further,  we  know  that  g'=Cg,  which  value  for  g'  in  N  sub- 
stituted will  make  the  latter  a  function  of  g  only,  and  con- 
sequently -^-  also.     Wc  have  therefore  to  deal  with  a  single 

maximum  or  mininiuin  ;  and,  according  to  well-known  rules,  we 
have 
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AT         O      ^^ 

dg        2Vy^'         V 
and 

(Pa  _       dg  dg 

If  V^  ' 

but 

it  follows  that  U  =  0; 

d^a      1  d\] 


Now 


dg^-y  dg 
dg~      Kdg-^"'^  dg^)'' 


but  -J-,  as  well  as  ~^,  being  invariably  positive,  it  follows  that 

JTT 

-J-  is  invariably  negative  ;  and  as,  further,  V  is  always  positive, 

dg  fPg^ 

it  follows  finally  that  y^  is  always  negative,  or  the  value  of  g 

obtained  by  equation  t-  =0  corresponds  to  a  maximum  sensi- 
tiveness of  the  differential  galvanometer. 

In  a  similar  way  it  can  be  shown  that  the  value  of  ^  obtained 

,  .       dcL      ^  ,      , 

by  equation  -p  =0  corresponds  also  to  a  maximum  sensitive- 
ness of  the  ditferential  galvanometer. 

This  is  in  fact  a  second  and  far  more  simple  solution  of  the 
problem.  However,  it  is  by  no  means  as  general,  nor  does  it 
adhere  as  closely  to  the  spirit  of  analysis,  as  the  first  more  com- 
plicated solution. 

Effect  of  Shunts. — It  is  clear  that  the  introduction  of  shunts 
cannot  alter  the  general  results  as  given  in  equations  {a),  [b), 
(c),  and  ((/),  as  long  as  the  shunts  are  used  merely  for  the  pur- 
pose of  carrying  off  a  fixed  quantity  of  current  without  in  them- 
selves having  any  direct  magnetic  action  on  the  needle. 

However,  to  avoid  misunderstanding,  it  is  well  to  remember 
that,  in  the  case  of  shunts  being  used,  the  values  to  be  given  to 
w  and  w  iu  the  above  equations  are  not  those  at  which  balance 
actually  arrives,  but  those  at  which  balance  would  arrive  if  no 
shunts  were  used ;  i.  e.  the  resistance  at  which  balance  is  esta- 
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blished  when  using  shunts  must  be  multiplied  by  the  multiplying- 
po^Yel•  of  their  respective  shunts  before  they  are  to  be  substituted 
in  the  equations  {a),  {h),  [c],  and  [d). 

Mechanical  Arrangement  designed  by  p. — The  condition  which 
must  be  fulfilled  in  the  construction  of  any  differential  galvano- 
meter to  make  a  simultaneous  maximum  sensitiveness  possible 
was  expressed  by 

r=  Z7> (c) 


.2_  ^'^ 


while  ^=  '- — ;  and  it  will  be  now  instructive  to  inquire  what 


mil' 
mn 
special  physical  meaning  equation  (c)  has. 

By  m  was  understood  the  magnetic  effect  of  an  average  con- 
volution [i.  e.  one  of  average  size  and  m.ean  distance  from  the 
magnet  acted  upon  when  the  latter  is  parallel  to  the  plane  of 
the  convolutions)  in  the  differential  coil  of  resistance  g  when  a 
current  of  unit  strength  passes  through  it.  Similarly  m'  was 
the  magnetic  eflFect  of  an  average  convolution  in  the  other  dif- 
ferential coil  of  resistance  g\ 

Further,  n  and  n'  were  quantities  expressed  by 

U  =n  »/ g, 
and 

U  and  U'  being  the  number  of  convolutions  in  the  two  coils  g 
and  y  respectively. 

Now  we  will  call  A  half  the  cross  section  of  the  coil  ^  (cut  through 
the  coil  normal  to  the  direction  of  the  convolutions),  which 
section,  as  the  wire  is  to  be  supposed  uniformly  coiled,  must 
be  uniform  throughout. 

Thus  we  have  generally 

wherever  the  normal  cut  through  the  coil  is  taken. 

c  is  a  constant  indicating  the  manner  of  coiling,  cither  by 
dividing  the  cross  section  A  into  squares,  hexagons,  or  in  any 
other  way,  but  always  supj)osing  tiiat,  however  the  coiHng  of 
the  wire  may  have  been  done,  it  has  been  done  uniformly 
throughout  the  coil.  (Tiiis  supposition  is  quite  sufficiently 
nearly  fulfilled  in  practice,  because  the  coiling  should  always 
be  executed  with  the  greatest  possible  care;  and,  further,  the 
wire  can  be  suj)po.sed  practically  of  ecp.ud  thickness  throughout 
the  coil.) 

q  is  the  metallic  section  of  the  wire,  and  8  the  non-metallic 
section  due  to  the  necessary  insulating  covering  of  the  wire. 
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Further,  we  have^  =  U  — ,  where  h  is  the  length  of  au  ave- 

rage  convolution,  and  X  the  absolute  conductivity  of  the  wire 
material,  supposed  to  be  a  constant  for  the  coil. 

Now,  for  brevity's  sake,  we  will  suppose  that  h,  the  cross 
section  of  the  insulating  covering,  can  be  neglected  against  q 
the  metallic  cross  section  of  the  wire. 

Consequently  we  have 

A 

—  =U  (approximately) 


and 


or 


similarly, 


AX 


V  b 

"  n       V  AA 


AX'. 
b'c'  ' 

WlTc 
AXb'/ 

But  using  wire  of  the  same  conductivity  in  both  the  differential 
coils,  which  should  be  as  high  as  is  possible  to  procure  it,  and 
further  supposing  the  manner  of  coiling  to  be  identical  in  both 
coils,  we  have 

X=\', 

c  =  c' ; 

'A^ 
A  '  b'' 

Further,  we  know  that  if  the  shape  and  dimensions  of  each 
coil  arc  given,  and  in  addition  also  their  distance  from  the  mag- 
net acted  upon,  it  will  always  be  possible  to  calculate  m  and  7)i', 
though  it  may  often  present  mathematical  difficulties,  especially 
if  the  forms  of  the  two  coils  differ  from  each  other  and  are  also 
not  circular.  This  latter  condition  is  generally  necessitated  in 
order  to  obtain  the  greatest  absolute  magnetic  action  of  each 
coil  in  as  small  a  space  as  possible. 

However,  it  is  clear  that  we  may  assume  generally  that  the 
two  coils  have  each  an  average  convolution  of  identical  shape 
and  of  the  s:\me  length,  placed  at  au  equal  distance  from  the 


.  n'       r 
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magnet  acted  upon,  and  that  therefore  the  magnetic  action  of 
each  coil  is  dependent  on  the  number  of  convolutions  only. 
In  this  case  we  have  endently 


m  —  m', 


n       V  A' 
and  as 


'    m' 
-  '  — i 
n     in 


n    m 


we  have,  finally, 

\'       w'  ,. 

A=w (^) 

Equation  {e)  shows  at  once  that  under  the  supposed  conditions 
\i.  e,  when  the  average  convolutions  in  each  coil  are  of  equal  size 
and  shape)  the  wire  used  in  either  coil  is  of  the  same  absolute 
conductivity,  and  that  the  thickness  of  the  insulating  material 
can  be  neglected  against  the  diameter  of  the  wire  : — 

The  uire  used  for  filling  each  coil  must  he  invariably  of  the 
same  diameter ;  otherwise  a  maximum  sensitiveness  is  impossible. 

How  the  above  simple  law  expressed  by  equation  {e)  would 
be  altered  when  the  given  suppositions  were  not  fulfilled  must 
be  found  by  further  calculation ;  but  as  the  latter  is  intricate 
and  a  more  general  result  is  not  required  in  practice,  I  shall 
dispense  at  present  with  this  labour. 

Special  Differential  Galvanometers. — Here  shall  be  given  the 
special  expressions  to  which  the  general  equations  [a),  [b],  (c), 
and  {d)  are  reduced  when  certain  conditions  are  presupposed. 

1st  case. — When  rv  and  iv',  the  two  resistances  at  which  ba- 
lance is  arrived  at,  are  so  large  that/,  the  resistance  of  the  testing 
battery,  can  be  neglected  against  either  of  them  without  percep- 
tible error.  Substituting  therefore /=0  in  equations  {a)  and  {b), 
we  get 

^7=3, («) 

9-1i-> W 

and  the  other  two  remain  as  they  arc,  namely 

C=- {d) 

w 
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2nd  case. — "When  the  battery  resistance /cannot  be  neglected 
against  either  ic  or  lu',  but  when  the  two  resistances  at  which 
balance  is  arrived  at  are  invariably  equal. 

Thus,  substituting  in  the  general  equation 


w  =:w'  =  W, 


we  get 


/  =  1,         ic) 

C  =  l {d) 

Srd  case. — "When  the  conditions  given  under  1  and  2  are  both 
fulfilled,  or 

w  =  w'  =  iv, 
and 

/=0; 
then  we  have 

^=y=^=|,        {a,b) 

p^  =  l, {c) 

C  =  l, id) 

the  very  same  result  which  was  obtained  by  direct  reasoning  at 
the  beginning  of  this  paper. 

Applications. — Though  the  problem  in  its  generality  has  now 
been  entirely  solved,  it  will  not  perhaps  be  considered  irrelevant 
to  add  here  some  applications. 

For  our  purpose  differential  galvanometers  may  be  conveni- 
ently divided  into  two  classes,  viz.  those  in  which  the  resistances 
to  be  measured  vary  within  narrow  limits,  and  those  where  these 
limits  are  extremely  wide. 

To  the  first  class  belong  the  differential  galvanometers  which 
are  used  for  indicating  temperature  by  the  variation  of  the  re- 
sistance of  a  metallic  M'ire  exposed  to  the  temperature  to  be 
measured — as,  for  instance,  C.  W.  Siemens's  resistance  ther- 
mometer for  measuring  comparatively  low  temperatures^  or  his 
electric  pyrometer  for  measuring  the  high  temperature  in 
furnaces. 

It  is  clear  that  for  such  instruments  the  law  of  maximum 
sensitiveness  should  best  be  fulfilled  for  the  average  resistance 
to  be  measured,  which  average  resistance  under  given  circum- 
stances is  always  known. 

To  the  second  class  belong  those  differential  galvanometers 
which  arc  used  for  testing  telegraph-lines,  at  present  the  most 
important  application  of  these  instruments.     In  this  case  each 
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differential  coil  should  consist  of  separate  coils  connected  with  a 
commutator  in  such  a  manner  that  it  is  convenient  to  alter  the 
resistance  of  each  coil  according  to  circumstances^  i.  e.  connect- 
ing all  the  separate  coils  in  each  differential  coil  parallel  when 
the  resistances  to  be  measured  are  comparatively  low,  and  all  the 
separate  coils  consecutively  if  the  resistances  to  be  measured  are 
high  &c.,  fulfilUng  in  each  case  the  law  of  maximum  sensitive- 
ness for  certain  resistances,  which  are  to  be  determined  under 
different  circumstances  differently,  but  always  bearing  in  mind 
that  it  is  more  desirable  to  fulfil  the  law  of  maximum  sensitive- 
ness for  high  resistances  (when  the  testing  current  in  itself  is 
obviously  weak)  than  for  low  resistances. 

An  example  will  show  this  clearer.  Say,  for  instance,  a  dif- 
ferential galvanometer  has  to  be  constructed  for  measuring 
resistances  between  1  and  10,000.     A  Siemens's  comparison  box 

of  the  usual  kind  (  ir>  nnn)  ^^^^o  ^'  disposal,  it  will  be  conve- 
nient and  practical  to  decide  that  the  two  differential  coils  should 
be  of  equal  magnetic  momentum  ;  from  which  it  follows  that  C 
as  well  as  p  must  be  unity,  or,  in  other  words,  that  the  two  coils 
must  be  of  equal  size,  shape,  and  distance  from  the  needle,  and 
must  also  have  equal  resistances,  i.  e.  must  be  filled  with  copper 
wire  of  the  same  diameter.  The  resistance  of  each  coil  is  then 
found  by 


+/+|^/4,^^  +  8>+/«, 


where/  is  the  resistance  of  the  battery,  and  w  a  certain  value 
between  1  and  10,000,  the  two  limits  of  measurement.  The 
question  now  remains  to  determine  w. 

It  is  clear  that  the  law  of  maximum  sensitiveness  has  not  to 
be  fulfilled  for  cither  limit,  because  they  represent  only  one  of 
the  10,000  different  resistances  which  have  to  be  measured  ;  but 
it  is  also  clear  that  to  fulfil  the  law  for  the  average  of  the  two 
given  limits  would  be  equally  wrong,  inasmuch  as  the  maximum 
sensitiveness  is  far  more  required  towards  the  highest  than  the 
lowest  limit.  We  may  assume,  therefore,  that  it  is  desirable  to 
fulfil  the  law  for  the  average  of  the  average  and  the  highest  limit, 
which  gives 

1^=7500, 
against  which  the  resistance  of  the  battery  may  always  be  neg- 
lected. 

Consequently  we  have 


«=^=2500 


for  each  coil. 
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Now,  if  the  coil  be  small  and  consequently  the  wii-e  to  be 
used  for  filling  it  is  thin,  the  value  ^  =  2500  wants  a  correction 
to  make  allowance  for  the  thickness  of  the  insulating  material, 
by  which  rj  becomes  somewhat  smaller^. 

Before  concluding,  I  may  remark  that  the  question  of  the  best 
resistance  of  the  coil,  when  the  resistance  to  be  measured  varies 
between  two  fixed  or  variable  limits,  can  be  solved  mathemati- 
cally by  the  application  of  the  variation  calculus. 


XXXV.   On  Fractional  Distillation. 
By  J.  C.  Glashan,  Strathroy,  Ontario^. 

IN  the  current  Number  of  the  Piiilosophical  Magazine  IMr. 
J.  A.  Wanklyn  states  that  up  to  the  present  there  is  no 
theory  of  fractional  distillation,  and  thereupon  proceeds  to  de- 
duce one.  The  following  I  believe  to  be  the  mathematical 
representation  of  the  law  of  the  rate  of  separation  of  the  liquids, 
and  indirectly  involving  the  theory  of  the  process.  The  evolu- 
tion of  this  theory  is  an  inverse  operation,  giving  a  result  invol- 
ving "an  arbitrary  function;"  but  it  may  be  noted  in  passing 
that  Mr.  Wanklyn's  theory  satisfies  the  equations — that,  in  fact, 
they  are  very  easily  deduced  by  it.  If  the  experiments  arc  cor- 
rectly made  and  the  observations  of  p  and  q,  formula  (XI.)  as 
calculated  directly  from  (VII.)  and  indirectly  through  (X.) 
affords  a  test  of  the  truth  of  the  mathematical  theory ;  or,  to 
test  the  truth  of  the  theory,  calculate  r  from  examination  of  two 
portions  of  a  continuously  formed  distillate. 

Let  a-\-h  represent  a  homogeneous  mixture  of  a  units  of  a 

*  These  expressions  for  g  and  y'  must  be  corrected  if  the  thickness  of 
the  insulating  covering  of  the  wire  cannot  be  neglected  against  its  dia- 
meter. The  formula  by  which  this  correction  can  be  made  was  given  by 
me  in  the  Philosophical  Magazine,  January  ISG/— namely, 

corrected  y  =  C(j{\  —  \/gin-), 
where  g=  the  resistance  to  be  corrected  and  expressed  iu  Siemens's  units, 
and  

AB 

S  =  vadial  thickness  of  the  insulating  covering  expressed  in  millimetres. 

c=a  cocfticiont  expressing  the  arrangement  adopted  for  filling  the  avail- 
nble  space  uniformly  with  wire  ;  namely,  if  we  suppose  that  the  cross  sec- 
tion of  the  coil,  by  iilliug  it  u])  with  wire,  is  divided  into  squares,  we  have 
c  =  4;  if  in  hexagons,  c  =  3  .4  .  &c. 

X  =3  aljsolute  conductivity  of  the  wire-material  (IIg  =  1  at  freezing-point). 

A  =  half  the  section  of  the  coil  in  question  when  cut  normal  to  the  direc- 
tion of  the  convolutions,  and  always  expressed  in  square  millimetres. 

3i  =  length  of  an  average  convolution  in  the  coil,  and  expressed  in  metres. 

t  Communicated  by  the  Author. 
Phil.  Mag.  S.  4.  Vol.  45.  No.  300.  April  1873.  T 
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liquid  A  of  volatility  ic,  and  b  units  of  a  liquid  B  of  volatility  v. 
Distil  till  there  remains  o^  +  i/;  giving  a  distillate  {a  —  al)-\-{b  —  hy, 
then  b={a,:ay'-"';  or  putting  /;  for  f/^:  a,  and  r  for  v  :  iv,  we 
have  the  very  simple  formulee: 

1st  still- liquor,      a  +  b, (I.) 

2nd      „      „        op^-hj/,       (II.) 

Distillate,      a{\-p)  +  b{\-j/),    .     .     .  (III.) 
(Distillate)'S  a{l-pY  +  b{l-y)\       .     .    (IV.) 

(Distillate)"  means  that  it  is  the  distillate  of  (distillate)"-^ 
Solutions  of  (Ill.)^and  (IV.)  of  1  degree  of  approximation  are 

^  {a  +  br){l-p), (V.) 

.    {a  +  br%l-pr (VI.) 

As  stated   above,   these   formulrc  may  be   obtained   by  Mr. 
AVanklyu's  theory.     Thus,  ratio  of  liquids  in  original  liquor, 

a  :  b ; 

in  first  infinitesimal  distillate, 

da 
da  :  or  —  : 
a 

in  remaining  liquor, 

Continue  distillation  to  the  separation  of  n  distillates.     Ratio  of 
remaining  liquor. 

This  for  a  finite  distillation,  or  n  intiuitely  large,  becomes 

for  limit   fl— ?•-    j   =  limit  (l )   ,  and,  by  definition  of ;j, 

Mr.  AVanlvlyn  uses  (V.)  and  obtains  ?-  =  90  for  ammonia 
(water  =1);  but  from  consideration  of  the  conipn.^ition  of  the  re- 
maining (or  rather  li;st  distilling)  liquor  he  concludes  z^- lo<  11. 
The  correct  value  as  found  from  (Hi.)  is 

|^^:=12-7188. 
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Formula  (V.)  shows  distinctly  that  for  p"  nearly  =  1  tiic 
strength  of  the  distillate  is  approximately  proportional  to  that  of 
the  mother-liquor  for  the  same  fraction  of  A  distilled  (observed 
by  Mr.  Wanklyn).  If  r>l  or  B  volatile  compared  with  A,  for- 
mula (IV.)  shows  that,  with  repeated  distillations  of  the  carly- 
passing-over  distillate,  the  B  strength  of  the  distillate  will 
rapidly  increase  with  the  number  of  distillations,  and  formula 
(VI.)  shows  that,  to  a  rude  approximation,  the  rate  of  increase 
is  in  geometrical  progression. 

It  has  been  assumed  that  the  distillation  is  pure,  i.  e.  that  the 
vapour  does  not  carry  over  any  liquor  held  in  mechanical  sus- 
pension ;  for  in  this  case  the  coadhesive  function  of  the  liquids 
will  influence  the  result.  Further,  it  is  supposed  that  the  whole 
distillate  has  been  separated  from  the  still-liquor  and,  if  it  is 
used,  collected.  This  requires  that  no  part  of  the  distillate 
(especially  at  the  beginning)  condenses  on  the  sides  of  the  still, 
in  time  returning  to  the  still-liquor.  The  following  formulae 
afford  a  test  of  the  accuracy  of  the  experiment  (assuming  the 
theory  to  be  true),  and  also  a  means  of  correctly  calculating  r, 
even  with  a  common  still  properly  protected,  although  the 
second  of  the  above-mentioned  difficulties  tends  to  vitiate  early- 
made  observations  or  those  continuous  from  the  beginning. 

1st  still-liquor,      a-^b, (VII.) 

2nd    „      „         ap  +  bp'-, (VIII.) 

3rd    „       „      {ap)q+{bp'-)<f (IX.) 

1st  distillate  from  (VII.), 

a{l-p)^b[i-if), (X.) 

Ist  distillate  from  (YIIL), 

ap{l-q)+bp-\V-q'-) (XI.) 

Let  r  be  calculated  from  (X.)  and  (VII.),  (VIII.)  is  determined 
by  observation  for  (X.) ;  thus  r  may  also  be  calculated  from 
(XL)  and  (VIII.).  The  latter  value  of;-  will  be  the  more  reli- 
able if  the  elements  of  (X.)  be  accurately  observed.  The  distil- 
lation is  supposed  to  be  continuous.  The  value  of  ;•  may  also 
be  calculated  very  accurately  from  (IL)^  obtained  from  (I.)  by 
evaporation  under  the  air-jjump. 

For  simplicity  of  formuhc  I  have  assumed  the  mixture  to  be 
homogeneous  and  to  remain  so  throughout  the  operation  ;  but 
the  instant  evaporation  commences  this  condition  is  violated. 
Thus  in  the  deduction  of  the  formuho  through  ]\ir.  Wanklyn^s 
theory,  the  process  is  true  only  for  the  first  infiuitesimal  distil- 
lation, and  all  subsequent  distdlatious  will  involve  a  function  of 

T2 
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a  quantity  wliicli  represents  the  energy  of  restoration  of  the  ho- 
mogeneous eonditioii.  Again,  since  the  mixture  is  not  homo- 
geneous in  respect  of  its  temperature,  the  restorative  function 
\\\\\  be  affected  by  the  velocity  of  convection.  It  is  easy  to  show 
that  formula  (II.)  is  true  for  a  non-homogeneous  mixture  if 
such  mixture  is  a  perfect  liquid.  This  view  shows  that  (II.) 
applies  to  liquids  approaching  the  iierject  condition,  but  does  not 
apply  to  syrupy  liquids,  to  thick  oils,  and  such  like.  The  dif- 
ferential formula  for  these  show  a  tendency  to  thickening  at  the 
top,  and  also  at  the  point  of  application  of  the  heat.  This  ten- 
dency increases  with  the  viscosity,  and  after  a  certain  point  may 
become  cumulative,  the  energy  of  convection  and  heat-conduct- 
ing power  of  the  mixture  as  it  approaches  the  soUd  state  deter- 
mining where  the  cumulative  effect  will  tirst  begin.  Attention 
must  also  be  paid  to  the  direction  of  the  heat-convection,  i.  e. 
tlie  direction  in  which  the  warmer  currents'flow.  Thus,  if  the 
convection  of  water  at  a  temjierature  above  that  of  its  point  of 
maximum  density  be  reckoned  positive,  its  convection  below  the 
temperature  of  the  said  point  must  be  taken  as  negative.  The 
deduction  of  the  differential  form  of  (II.)  for  a  non-perfect  liquid 
is  not  the  object  of  this  paper,  which  was  commenced  merely  to 
give  a  simple  means  of  correctly  calculating  r  from  Mr.^^'anklyn''s 
theory;  but  I  may  state  that  the  correct  formula  show  that  a 
crust  may  be  formed  in  two  ways — (1)  by  negative  convection, 
(2)  by  increase  of  viscosity  accompanied  by  very  slight  variation 
of  temperature  in  the  parts  of  the  evaporating  liquid,  or  by  very 
slow  evaporation,  or  by  a  very  great  difference  of  temperature 
between  the  liquid  and  the  "space"  immediately  beyond  it. 
February  22,  18/3. 

Note. — On  examining  the  theory  by  which  I  was  led  to  for- 
mula (II.),  I  find  that  if  tlie  energy  of  return  to  homogeneity 
remains  sensibly  uniform  for  all  mixtures  from  n-\-bio  ar  +  b,  the 
proposed  formula  holds,  provided  tiie  mixture  does  not  pass  du- 
ring the  operation  through  a  ])oint  of  maximum  or  minimum 
density. 

February  24,  1873. 

XXXVI.   On  the  Action  of  Solid  Bodies  on   Gaseous  Super- 
saturated Solutions.     By  Charles  Tomlinson,  F.R.S.* 

IN  the  March  Nuniber  of  tlie  rhilosoj)hical  Magazine  I  gave 
a  translation  of  Dr.  Ilenrici's  pa))er  on  the  above  subject 
from  Poggendorff's  Annalen  for  December  last.     Having  also 

*  Communicated  by  the  Author. 
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worked  in  the  same  field  and  published  the  results  of  my  labours 
in  this  jMagazine*^  it  may  not  be  thought  out  of  place  if  I  here 
offer  some  opinions  on  Dr.  Henrici's  results,  which  stand  out,  as 
he  admits;  in  singular  contrast  to  my  own. 

In  an  inquiry  of  this  kind  it  is^  of  course,  necessary  to  define 
accurately  what  is  meant  by  (1)  a  supersaturated  gaseous  solu- 
tion, (2)  a  chemically  clean  surface  in  contradistinction  to  (3)  one 
that  is  not  clean.  I  do  not  object  to  Dr.  Henrici's  statement  as 
to  the  first ;  but  he  seems  to  me  to  have  but  an  imperfect  idea  as 
to  the  second.  Having  succeeded  in  making  metallic  surface.^ 
sufficiently  clean  for  voltaic  contact  byvubbing  them  with  finely 
powdered  pumice-stone  spread  on  leather,  he  adopts  this  same 
process  for  making  clean  the  glass  rods,  metallic  wires,  and  some 
of  the  other  bodies  used  in  his  inquiry;  and  he  objects  to  one 
of  the  methods  used  by  mc  for  the  purpose,  namely  heating 
them  in  the  fiame  of  a  spirit-lamp,  on  the  ground  that  the  heat, 
instead  of  getting  rid  of  the  impure  film  that  covers  them  more 
or  less,  simply  converts  that  film  into  a  porous  body  which  still 
invests  the  surface. 

The  method  of  cleaning  the  wires  &c.  by  means  of  pumice- 
powder  spread  on  leather  is  absolutely  of  no  value  with  reference 
to  the  present  inquir3\  The  surfaces  thus  treated  are  still  un- 
clean, and  naturally  become  covered  with  bubbles  on  immersing 
them  in  soda-water  &c.  So  also  in  the  application  of  heat.  Dr. 
Henriei  made  use  of  a  small  alcohol-fiame,  and  passed  the  bodies 
over  and  above  it  rather  than  through  it;  whereas  he  should 
have  made  his  platinum  wires  red-hot  and  even  white-hot. 

In  several  of  my  published  papers  f  I  have  endeavoured  to 
show  that  the  obscure  and  often  contradictory  behaviour  of 
solids  as  nuclei,  in  separating  gas,  or  vapour,  or  salt  from  their 
supersaturated  solutions,  becomes  clear  by  considering  whether 
the  solids  used  as  nuclei,  or  the  walls  of  the  flasks,  test-glasses, 
and  other  containing  vessels  were  or  were  not  chemically  clean 
as  to  surface  at  the  moment  of  contact  with  the  solution. 

A  body  was  defined  as  chemically  clean  the  surface  of  which 
is  entirely  free  from  any  substance  foreign  to  its  own  composi- 
tion. And  it  will  be  remarked  that  I  speak  of  surface  only.  A 
glass  rod  is  chemically  clean,  although  a  particle  of  carbon,  or  of 
oxide  of  iron,  or  other  matter  be  enclosed  and  shut  up  within  it ; 
hut  not  so  if  that  particle  reach  and  form  a  portion  of  the  sur- 
face itself.  So  also  a  stick  of  tallow,  stearinc,  paraffin,  resin, 
sulphur,  &c.  is  chemically  clean  so  long  as  its  surface  falls  under 
the  definition  just  given. 

*  Phil.  Mag.  for  August  and  September  1867. 

t  Some  of  the  definitions  given  in  the  text  are  fiom  the  rhiloso))hical 
Transactions  for  1871,  p.  51. 
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Catharlzation  is  the  act  of  cleaning  the  surface  of  bodies  fron. 
all  alien  matter ;  and  the  substance  is  said  to  be  catharized  when 
its  surface  is  so  cleared. 

The  methods  of  doing  this  are  various.  The  action  of  flame 
or  of  strong  sulphuric  or  nitric  acid,  or  of  alkaline  solutions  is 
efficacious  according  to  the  nature  of  the  surface.  In  some  cases 
steeping  the  solids  in  water  during  several  days  may  suffice ;  in 
others  boiling  them  in  acid  or  alkaline  solutions,  or  rubbing 
them  betu'cen  corks  or  platinum-foil  while  immersed  in  the 
strongest  commercial  oil  of  vitriol,  or  washing  them  with  alcohol 
or  ether  may  be  necessary,  but  always  tinishing  with  a  co- 
pious rinsing  in  a  stream  of  water.  Should  any  one  of  these 
methods  fail  m  any  particular  instance,  another  may  be  resorted 
to.  For  example,  a  short  cylinder  of  phosphorus  cut  out  of  a 
stick  that  had  been  previously  scraped  was  attached  loopwise  to 
a  platinum  wire,  and  so  lowered  into  a  test-tube  (cleaned  by  the 
action  of  strong  sulphuric  acid  and  copious  rinsing)  containing 
soda-water*.  Not  a  single  l)ubble  of  gas  a])peared  on  tbe  walls 
of  the  tube ;  but  the  phosphorus  and  the  wire  were  abundantly 
covered.  These  were  lowered  into  a  tube  containing  spirits  of 
wine,  and  after  some  minutes  taken  out  and  rinsed  with  clean 
water  and  again  lowered  into  the  soda-water;  but  they  were  still 
active,  nearly  as  much  so  as  before.  The  wire  and  the  phosphorus 
were  then  ])laced  in  washed  ether,  and  on  being  returned  to  the 
soda-water  the  wire  was  })erfectly  inactive,  but  the  phosphorus 
was  as  briskly  active  as  before, — the  fact  being  that  chemically 
clean  platinum  wire  is  not  nuclear,  but  chemically  clean  phos- 
phorus is. 

As  every  thing  exposed  to  the  air  of  a  room  or  to  the  touch 
takes  more  or  less  a  deposit  or  film  of  foreign  matter,  substances 
may  be  conveniently  classed  as  catharized  or  uncatharizcd  accord- 
ing as  they  have  been  or  not  so  freed  from  foreign  matter. 

And  it  is  ])erhaps  not  taking  too  much  license  with  language 
to  extend  the  term  catharized  (denoting,  as  it  does,  the  condition 
of  i)ure  surface)  to  those  substances  whose  surface  has  not  re- 
(piired  the  process.  Thus  a  flint  stone  in  the  rough  has  an 
uncatharizcd  surface,  and  when  immersed  in  soda-uater  becomes 
instantly  covered  with  bubbles;  but  split  it,  and  the  inner  sur- 
face of  the  pieces  will  for  a  time  be  clean,  and  if  put  into  soda- 
water  will  not  have  a  single  bubble  of  gas  upon  it. 

On  the  other  hand,  some  forms  of  matter,  although  perfectly 
clean,  become  covered  with  bubbles  the  moment  they  arc  im- 
mersed in  a  supersaturated  gaseous  solution.  Thus,  newly  formed 
fragments  of  a  lump  of  resin,  or  of  a  roll  of  sulphur,  or  of  a  block 

*  Tlic  sodn-wnter  used  in  these  experiments  was  obtained  from  a  conve- 
nient jiortnble  apparatus  known  as  a  "  Scltzogene." 
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of  stearine  or  paraffin,  altliougli  chemically  clean,  become  covered 
with  bubbles  as  soon  as  they  are  placed  in  soda-water.  But 
here  other  conditions  are  introduced,  such  as  porosity,  and  the 
very  different  adhesion  between  resin  &c.  and  air  or  gas,  and 
resin  &c.  and  water. 

Dr.  llenrici^s  idea  of  clean  surfaces  is  such  that,  if  previously 
cleaned  according  to  his  method  with  leather  and  pumice  and 
exposed  to  the  air,  wiping  them  with  a  cloth  or  rinsing  them  is 
sufficient  to  restore  their  purity.  A  platinum  wire  or  glass  rod 
so  cleaned  and  immersed  in  soda-water  becomes  covered  with 
gas-bubbles ;  and  this  he  urges  as  a  proof  of  the  chemical  purity 
of  such  surfaces,  and  he  even  maintains  that  this  is  their  proper 
function ;  whereas  the  very  reverse  is  the  truth. 

Consider  the  problem  in  hand'^.  A  supersaturated  solution 
of  a  gas  with  its  upper  surface  exposed  to  the  air  is  always  giving 
off  gas  either  with  effervescence  or  silently.  It  does  so  because 
the  excess  of  gas  has  but  a  slight  adhesion  to  the  liquid,  and  the 
air  is  virtually  a  vacuum  for  it.  Now  the  remaining  surface  of 
the  liquid,  or  that  confined  by  the  sides  of  the  vessel,  may  be  re- 
garded as  being  in  exactly  the  same  condition,  subject,  however, 
to  two  modifications — (1)  the  state  of  chemical  purity  of  their 
surface^  and  (2)  the  pressure  exerted  by  them  virtually  on  the 
liquid.  (1)  Suppose  the  vessel  to  be  of  glass,  and  to  be  chemi- 
cally clean  according  to  the  definition  given  above.  No  gas  will 
be  disengaged  and  no  bubbles  will  form  on  the  sides,  because  tlie 
adhesion  between  the  sides  and  the  gaseous  solution  is  perfect ; 
and  therefore  the  sides  may  be  regarded,  pro  rata,  as  merely  a 
continuation  of  the  liquid  itself,  and  no  bubbles  will  form  there 
any  more  than  in  the  central  parts  of  the  liquid.  (2)  But  sup- 
pose the',  sides  to  be  not  clieniically  clean — to  be  dirty  in  fact; 
adhesion  is  diminished  or  destroyed,  and  therefore  the  surface  of 
th'j  liquid  next  to  such  sides  is  virtually  as  free  as  its  upper  sur- 
face :  bubbles  will  consequently  form  here  just  as  they  do  on 
the  upper  surface;  but  in  the  latter  case  they  do  not  appear  as 
bubbles  (except  during  effervescence)  because  tiiere  is  no  pres- 
sure; the  sides  do  exert  pressure,  and  therefore  bubbles  are 
formed.  It  does  not  matter  whether  there  be  air  or  not  between 
the  sides  and  the  liquid.  It  is  no  function  of  air  to  induce  the 
liberation  of  gas  or  the  formation  of  gas-bubbles.  It  is  really 
want  of  adhesion.  Now  apply  this  to  the  case  of  a  catharized 
glass  rod,  platinum  wire,  or  a  newly  fractured  surface  of  ^llint. 
Any  one  of  these  placed  in  the  liquid  does  nothing  more  than 
ibrm  new  sides,  as  it  were,  to  the  vessel ;  and  its  effect  is  merely 
that  of  the  sides.  If  chemically  clean,  the  glass  rod  &c.  will 
.form  no  bubbles  round  it ;  and  hence  it  is  inactive  because  its 
*  See  Phil.  Mag.  Sept.  1867. 
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adhesion  is  perfect.  If  dirty,  the  surface  of  liquid  in  contact 
with  it  will  be  as  free,  or  almost  so,  as  the  upper  surface.  We 
hope  to  give  a  more  definite  idea  of  the  word  "  dirty  "  presently. 

If  further  proof  were  wanting  that  Dr.  Henrici  has  fallen  into 
error  in  consequence  of  an  inadequate  conception  of  the  term 
'' chemically  clean,"  it  is  to  be  found  in  his  experiments  and 
remarks  on  the  action  of  mercury  in  liberating  gas  from  solution. 
When  what  he  terms  "  pure  "  mercury  was  put  into  soda-water, 
it  "  was  immediately  covered  with  rapidly  swelling  bubbles,  which 
ascended,  while  others  formed  in  their  place.  Or  when  by  sha- 
king the  glass  the  bubbles  escaped  from  the  mercury,  new  ones 
immediately  covered  it;  and  this  result,  notwithstanding  the  small 
quantity  of  gas  in  solution,  could  be  repeated  many  times  with 
scarcely  any  diminution.  Even  in  but  slightly  impregnated 
water,  in  which  other  surfaces  did  not  act,  mercury,  by  separating 
numerous  bubbles,  displayed  its  surpassing  activity.  Pure  mer- 
cury forms  indeed  the  most  perfect  surface  that  can  be  used  in 
these  experiments,  since  it  is  perfectly  wetted  by  water.^' 

Dr.  Henrici  docs  not  state  by  what  means  he  obtains  pure 
mercury ;  but  it  is  well  known  to  all  who  have  much  to  do  with 
this  metal  that  it  becomes  very  readily  tarnished  or  dirty,  and 
that  it  is  troublesome  to  clean.  Indeed  from  the  time  of  Pre- 
vost  to  that  of  Quincke  it  was  always  an  anomaly  in  the  pheno- 
mena of  surface-tension,  that  water,  in  which  t  =  7'3,  would  not 
spread  out  into  a  film  upon  mercury,  in  which  i  =  47.  But  the 
fact  is  that  in  trying  this  important  experiment  no  one  had  de- 
voted sufficient  attention  to  the  obtaining  of  chemically  clean 
mercury  until  Quincke^*'  fulfilled  this  necessary  condition,  and 
thus  removed  this  anomaly  from  science.  So  also  in  testing 
the  liberating  action  of  mercury  on  the  carbonic  acid  of  soda- 
water,  the  results  arc  sure  to  be  erroneous  unless  special  means 
be  adopted  for  obtaining  a  pure  and  clean  metal.  I  had  some 
mercury  by  me  that  had  been  cleaned  a  few  years  ago;  it  was 
bright,  convex,  and  tailless,  and  when  last  ])urified  fragments  of 
])liospliorus  would  move  over  its  sm-face  with  great  freedom. 
Such  was  not  the  case  now;  the  ])hosphorus  was  motionless  on 
the  surface.  A  portion  of  the  metal  was  therefore  put  into  a 
clean  stoppered  ])hial  and  shaken  up  with  acid  nitrate  of  mer- 
cury, and  a  day  or  two  afterwards  with  the  strongest  oil  of  vitriol, 
and  lastly  well  rinsed  with  clean  water.  The  bottle  was  then 
filled  \\\)  with  soda-water,  and  the  metal,  as  was  to  be  exj)cctcd, 
80  far  from  displaying  the  singular  activity  referred  to  by  Dr. 

*  ropffduloifT's //Hw«/r7j,  Jiinufiiy  18/0.  A  trnnsliition  of  (his  inipcr 
iH)i)caicd  ill  till!  I'liilosophinil  Mngnzinc  for  April,  Aliiy,  and  June  IH/l. 
Quincke's  method  of  obtaining  pure  inerctuy  is  given  at  p.  460. 
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Henrici,  was  absolutely  passive,  even  wlicn  set  in  motion  so  as 
to  expose  fresh  surfaces  to  the  solution. 

AVhen  a  surface  is  properly  cleaned  by  one  or  other  of  the 
methods  pointed  out,  the  test  of  the  cleansing  process  is  so  deli- 
cate, that  on  immersing  the  solid  in  soda-water  the  greater  or 
less  appearance  of  the  bubbles  or  their  entire  absence  marks 
exactly  how  much,  or  how  little,  or  how  completely  the  pro- 
cess has  been  successful.  For  example,  the  middle  portion  of 
a  thick  platinum  wire  was  held  in  the  flame  of  a  spirit-lamp 
until  it  glowed.  It  was  then  put  into  soda-water,  when  there 
was  an  abundant  deposit  of  bubbles  above  and  below  the  part 
that  had  been  heated,  but  not  a  bubble  on  that  part.  A  glass 
tube  was  dipped  into  sulphuric  acid  to  the  depth  of  about  2 
inches ;  a  cork  was  then  driven  into  the  upper  end,  and  the  tube 
sunk  to  the  depth  of  4  inches  in  the  acid.  It  was  then  taken 
out  and  rinsed,  the  cork  being  removed,  and  so  placed  in  soda- 
water  to  the  depth  of  6  inches.  -4  inches  of  the  outside  and  2 
inches  of  the  inside  were  free  from  bubbles  ;  but  the  remainder 
of  the  ti^bo,  both  inside  and  out,  was  thickly  coated  with  them. 
A  glass  cylinder  7  inches  in  height,  that  had  been  made  clean 
by  the  action  of  strong  sulphuric  acid,  was  wiped  with  what 
would  be  called  a  clean  duster  to  the  depth  of  about  2  inches  at 
the  open  end,  and  then  filled  up  with  soda-water.  The  part  that 
had  been  wiped  was  accurately  delineated  by  being  covered  with 
bubbles,  while  the  remaining  5  inches  of  surface  were  com- 
pletely free  from  them.  In  a  clean  glass  full  of  soda-water  the 
iinger  was  introduced  below  the  surface  with  friction  against  the 
side.  The  fingei*-mark  became  immediately  apparent  in  conse- 
quence of  the  formation  of  bubbles  upon  it.  It  was  formerly 
supposed  that  rough  surfaces  were  particularly  favourable  to  the 
liberation  of  gas.  Such  surfaces  have  really  no  action,  provided 
they  are  chemically  clean  and  not  porous,  as  was  shown  in  my 
former  experiments  in  the  case  of  a  rat^s-tail  file*.  But  it  may 
happen  that  in  attempting  to  clean  an  ii'on  or  steel  wire,  such 
as  a  knitting-needle,  in  strong  nitric  or  dilute  sul])huric  acid, 
the  surface  becomes  graphitic;  and  in  such  a  case,  on  placing  it 
in  soda-water,  it  becomes  immediately  covered  with  bubbles. 

Dr.  Henrici  found  that  quartz-sand  gave  off  numerous  bubbles 
of  gas — a  clear  proof  that  it  was  unclean.  He  also  found  that 
charcoal  made  red-hot  and  plunged  into  soda-water  was  inactive, 
doubtless  from  the  absorption  of  gas.  I  obtained  the  same  re- 
sult some  years  ago,  and  also  that  cocoa-nut-shell  charcoal  and 
boxwood-charcoal  by  long  keeping  under  water  that  had  been 
boiled,  were  equally  inactive  in  soda-water,  since  the  pores  were 
already  liiled,  or  the  gas  contained  in  them  had  entered  into 
•  Phil.  Mag.  for  August  1867.    Experiments  3  and  4. 
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solution.  But  if  the  charcoal  thus  treated  be  taken  out  of  the 
soda-water  and  be  placed  in  distilled  water  in  a  flask  over  the 
flame  of  a  spirit-lamp,  the  gas  reassumes  its  elastic  form,  and 
copious  torrents  are  poured  off  from  it  during  a  long  time. 
^Vhen  this  is  exhausted,  steam  takes  its  place ;  and  this  action 
may  be  continued  for  any  length  of  time,  the  eff'ect  being  to 
prevent  the  bumping  of  the  vessel,  and  to  increase  the  amount 
of  vapour  given  off*. 

In  some  of  Dr.  Hcniici^s  experiments  it  appears  that  while  in 
the  same  gaseous  solution  platinum  had  scarcely  any  action, 
silver  became  coated  with  numerous  bubbles.  The  reason  simply 
was  that  the  platinum  happened  to  be  clean  and  the  silver  un- 
clean. So  also  on  gently  heating  a  solution  of  ammoniacal  gas 
{liquor  ammonia:),  no  bubbles  were  formed  either  on  platinum 
or  silver.  The  reason  was  that  the  alkali  made  their  surfaces 
clean.  But  if  a  platinum  wire  be  drawn  between  the  finger  and 
the  thumb  previously  touched  with  a  fatty  body,  such  as  lard, 
the  wire  becomes  abundantly  covered  with  bubbles  on  introdu- 
cing it  into  the  solution  of  ammonia  in  a  test-tube  held  over  a 
ppirit-lamp  so  as  to  warm  it  gently.  The  same  result  may  be 
obtained  with  an  aqueous  solution  of  nitrous  oxide  under  the 
receiver  of  an  air-punip,  a  sUght  diminution  of  pressure  being 
Bufficient  for  the  purpose. 

Dr.  llcnrici  obtained  no  result  on  placing  an  oil  or  a  solid 
fatty  body,  such  as  stcarinc,  on  tlie  surface  of  soda-water.  Had 
he  dipped  a  clean  glass  rod  into  oil,  or  rubbed  it  with  steariue, 
he  would  have  found  it  become  abundantly  covered  with  bubbles 
on  immersing  it  in  soda-water. 

The  fact  is,  that  in  an  inquiry  of  this  kind  we  cannot  form 
clear  ideas  unless  we  distinguish  and  classify  the  bodies  used 
according  to  the  nature  of  their  surfaces.  And  in  this  respect 
bodies  may  be  arranged  into  three  or  four  classes,  in  the  first  of 
which  we  jilace  glass  and  all  vitreous  or  vitrified  surfaces,  and  the 
denser  metals  with  a  smooth  non-porous  surface,  such  as  plati- 
num, gold,  silver,  iron,  steel,  lead,  tin,  and  mercury.  To  all 
these  bodies,  when  chemically  clean,  the  gaseous  supersaturated 
solution  adheres  in  the  most  perfect  manner,  so  that  there  is  no 
sejjaration  of  gas  at  their  surfaces. 

In  the  second  class  we  may  place  oils,  both  fixed  and  volatile, 
and  fatty  bodies,  whether  acid  or  neutral,  various  kinds  of  wax, 
jcsin  (such  as  shellac  and  amber),  camjjhor,  ])hosi)horns,  and 
some  other  bodies,  which,  when  chemically  clean  and  jjlaeed  in  a 
gaseous  supersaturated  solution,  display  a  very  diU'crcnt  kind  of 
adhesion  to  one  of  its  constituents  as  comj)ared  with  the  other; 

•  "  On  till!  Action  of  Solid  Nuclei  in  libernting  Vnpour  from  iJoiliu^j 
Liquids,"  I'roc.  Hoy.  Soc,  l«(Ji^  p.  240. 
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for  while  the  gas  adheres  strongly  to  such  bodies,  the  water  has 
a  much  weaker  adhesion.  Hence,  while  such  bodies  are  not 
wetted  by  the  water,  they  are  so  by  the  gas  j  and  consequently 
in  a  supersaturated  gaseous  solution  their  surfaces  become 
covered  with  bubbles,  which  increase  in  size,  loosen  their  hold, 
and  ascend,  while  other  bubbles  are  formed  in  their  place.  This 
action  goes  on  until  the  solution  loses  its  state  of  supersatura- 
tion  and  becomes  saturated  only;  but  in  this  condition  the 
bodies  in  this  class  remained  covered  with  the  bubbles  last 
formed  upon  them,  and  that  for  days  together.  The  solu- 
tion, however,  can  be  restored  to  its  state  of  supersaturation 
by  diminishing  the  pressure  or  by  increasing  the  temperature, 
in  which  case  the  liberation  of  bubbles  from  the  surfaces  is 
renewed. 

It  may  here  be  remarked  that  bodies  in  class  I.  are  said  to  be 
"dirty"  or  "active,^' or  ''dynamic"  or  "nuclear,"  or  "uncatha- 
rized"  when  they  are  contaminated,  however  slightly,  with  any 
one  of  the  bodies  in  class  II. 

The  third,  and  by  far  the  most  numerous  class,  contains 
bodies  that  are  distinguished  by  porosity — such  as  various  kinds 
of  wood  and  the  charcoals  made  I'rom  them,  and  a  large  variety 
of  other  bodies,  including  some  of  the  metals.  But  as  the  con- 
sideration of  this,  as  well  as  of  the  fourth  class,  which  includes 
soluble  substances,  involves  a  number  of  details,  wc  must  defer 
them  to  another  occasion. 

High  gate,  N. 
March  15,  1873. 


XXXVII.  On  Galvanic  Induction.     By  A.  F.  Sundell*. 

ALTHOUGH  many  natural  philosophers  have  turned  their 
attention  to  the  jihenomcna  of  galvanic  induction  and 
endeavoured  to  deduce  them  from  a  common  principle,  yet  very 
few  experiments  have  been  made  in  order  to  ascertain  if  the 
theories  agree  in  all  respects  v.ith  experience.  The  object  of 
the  experiments  hitherto  made  has  been,  for  the  most  part,  to 
find  in  what  manner  the  induction  depends  on  the  form  and 
magnitude  of  the  circuits  and  the  strength  of  the  primary  cur- 
rent, llecently  Professor  Edlund  in  Stockholm  has  made  these 
j)henomena  the  subject  of  a  theoretical  researcht,  and  shown 
that  they,  like  all  known  electrical  phenomena,  have  their  origin 
in  the  luminiferous  sether.     He  has  also  deduced  a  formula  for 

*  Comnmiiiratcd  by  the  Author. 

t  "  Sur  la  Nature  de  rElectrioito,"  Archives  des  Sciences  de  la  Biblio- 
thcqtie  Universelle  (^Cicneve),  18/:?,  ]\Iars  et  Avril ;  Philosophical  Magazine, 
18/2,  vol.  xhv.  pp.  81  ami  l?^. 


284  M.  A.  F.  Suiidell  on  Galvariic  Induction. 

the  inducing-force.  It  ^Yas  for  the  purpose  of  verifying  this 
formula  that  the  experiments  described  in  this  paper  were  made, 
in  the  physical  laboratory  of  the  lloyal  Academy  of  Sciences, 
Stockholm. 

1.  The  induction-coils  were  arranged  in  the  following  manner. 
A  copper  wire,  0*5  millim.  thick,  insulated  with  silk,  was  wound 
in  the  rectangular  incision  on  the  circumference  of  a  circular 
wooden  plate.  Four  such  coils  were  used.  Two  of  the  plates 
had  a  diameter  of  44*4  centims. ;  the  breadth  of  the  incision 
was  09  centim.,  and  its  dei)th  0*55  centim. ;  thus  the  radius 
of  the  plate,  from  its  centre  to  the  bottom  of  the  incision,  was 
21*65  centims.  The  spirals  of  these  two  coils  were  arranged  in 
two  sets.  The  other  two  plates  had  a  radius  of  6*95  centims. 
to  the  bottom  of  the  incision,  the  breadth  of  which  was  0-6 
centim.,  and  the  depth  OS.  The  incisions  of  these  two  plates 
were  wholly  filled  up  by  the  wire  spirals.  In  the  centres  of 
the  plates  round  holes  were  drilled ;  thus  the  plates  could  be 
placed  on  a  prismatic  wooden  bar,  on  one  side  of  which  a  paper 
scale  of  centimetres  was  extended.  The  primary  coil  was  fixed 
on  the  end  of  the  bar  ;  the  secondary  coil  was  movable  along  it. 
In  every  experiment  the  plates  were  placed  with  their  plane 
perpendicular  to  the  length  of  the  bar;  thus  its  geometrical 
axis  passed  through  the  centre  of  the  coil  perpendicular  to  the 
planes  of  its  spirals. 

The  primary  current  was  produced  by  a  galvanic  battery  of 
four  to  six  Bunsen's  cells.  The  intensity  of  this  current  was 
measured  by  a  tangent-galvanometer.  The  disjunctor,  or  the 
apparatus  for  effecting  the  induction,  consisted  of  two  wheels  of 
boxwood  on  a  common  axis  with  a  handle.  The  peripheries  of 
the  wheels  were  divided,  by  means  of  sixteen  brass  plates,  into 
intervals  alternately  conducting  and  non-condueting.  Two 
brass  springs  of  equal  length  pressed  on  each  periphery.  The 
one  pair  of  s])rings  made  i)art  of  the  primary  circuit.  Thus,  by 
turning  the  handle,  the  primary  current  was  alternately  esta- 
blished and  destroyed;  at  the  moment  of  its  brciddug,  the  other 
pair  of  sj)rings  was  in  contact  with  a  brass  plate  of  the  seeoiul 
wheel,  thus  completing  the  secondary  circuit,  in  which  a  Weber's 
rnagnctometcr  was  inserted.  IJut  wiien  the  first  pair  of  springs 
just  touched  a  brass  plate,  then  the  second  pair  pressed  on  a 
non-condtieting  interval,  and  the  secondary  circuit  was  incom- 
))lete.  Jiy  this  arrangement  we  got  oidy  secondary  currents  of 
the  same  direction,  vi/.  those  produced  by  breaking  the  i)riiiiary 
current. 

In  the  experiments  tlic  liandlc  of  the  disjunctor  was  tinned 
once  round  in  half  a  seccmd,  sixteeji  secondary  currents  being 
thus  produced.     At  every  conij)lelc  turn  a  brass  spring  pressed 
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gently  in  an  incision  on  tlie  handle,  whereby  the  experiment 
could  be  stopped  after  a  certain  number  of  turns.  Usually  five 
turns  were  made  in  an  experiment ;  the  amplitude  of  the  y?/'5^ 
deflection  that  the  eighty  secondary  currents  produced  in  the 
magnetometer  was  taken  as  a  relative  measure  of  the  strength 
of  induction.  The  amplitude  was  observed  with  a  telescope 
and  a  millimetre-scale  by  means  of  the  mirror  fixed  to  the  mag- 
netic needle.  Whenever  the  handle  was  turned  more  or  less 
than  five  times,  the  observed  deflection  was  reduced  to  that  for 
eighty  currents.  The  condueting-power  of  the  secondary  cir- 
cuit was  measured  by  means  of  a  magnet  inductor.  Before  the 
commencement  of  an  experiment  the  wheels  of  the  disjunetor 
were  always  in  such  a  position  as  to  complete  the  pj'imary  cir- 
cuit. The  wires  from  the  battery,  the  coils,  and  the  magneto- 
meter were  twisted  together  two  by  two,  or  went  parallel  a  short 
distance.  Thus  every  other  inducing  efi"ect,  except  that  between 
the  coils,  was  prevented. 

2.  We  will  relate  the  series  of  experiments  in  the  order 
in  v/hich  they  were  made.  The  following  designations  may  be 
used  : — i  represents  the  intensity  of  the  primary  current ;  m  the 
number  of  windings  in  the  primary  coil,  and  n  that  in  the  se- 
condary coil ;  /  the  conducting-power  of  the  secondary  circuit, 
and  J  the  first  deflection  of  the  needle  of  the  magnetometer  for 
eighty  currents.  The  distance  between  the  coils,  denoted  by  r, 
is  estimated  from  the  plane  of  the  middle  winding  in  the  one  to 
the  corresponding  plane  in  the  other  coil. 

Series  1.  One  of  the  large  coils  was  taken  as  primary, 
and  one  of  |the  small  as  secondary  coil,  i  =  taul5°,  m  =  31, 
n  =  51.  The  current  induced  by  the  magnet  inductor  deflected 
the  needle  of  the  magnetometer  eighty-seven  divisions  of  the 
scale;  accordingly  /=87. 


1.          2. 

3. 

4. 

5.          G. 

z  (centimetres) 

,     , 

15        20 

25 

30 

40        40 

J  (divisions  of  the 

scale) 

93  4     G5-2 

4G-0 

32-8 

17-8     180 

93-6     650 

45-G 

32  0 

17-4     18-4 

93-2     .  .  . 

.  .  . 

32-8 

J  (mean)      .     • 

93-4     G5-1 

45-8 

32-5 

17-G     18-2 

7. 

8. 

9. 

10. 

11. 

\-2. 

z    .     .     SO 

25 

20 

15 

10 

1-5 

J    .     .     350 

48-0 

G7-0 

93-4 

127- 

5       176-5 

35-2 

47-G 

G7-2 

93-0 

127- 
127- 

.'3       175 '5 
5 

J  (mean)  35-1 

47-8 

671 

93-2 

127- 

4       1760 

If  the  arithmetical  mean  of  the  deflections  corresponding  to 
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the  same  z  is  taken,  we  obtain  the  following   result  of  this 
series : — 

z    .     .       1-5     10        15        20        25        30        40 
J    .     .  176-0  127-4     93-3     66-1     468     338     17-9 

Series  2.  Here  the  two  greater  coils  were  used;  f=tan'14% 
m  =  3l,  n  =  32,  and  /=59. 

1.  2.  3.  4.  5.  6.  7.  8. 

z     .     .100  90  80  70  60  50        40  35 

J     .     .       5-6       80  11-0  15-4  22-4  35-2     57-4  74-8 

5-6       8-2  11-2  15-2  22-6  35-4     57-6  76-0 

5-8       8-0  11-0  15-6  22-6  35-0     57-8  76-0 

5-8       8-0  11-0  15-0  22-8  75-6 

J  (mean)     5-7       8-1     IM     15-3     226     35-2     57-6^5^6 

y.         10.  11.  12.  13.  14.  15. 

^.      .     .     30       25  20  20  25  30  35 

J  .     .     .100  134-0  185-0     183-0     134-2     101-0       74-6 

100  134-2  185-2     1840     134-4     100-6       750 

100  134-0  185-2 

J  (mean)  100     134-1     185-1     183-5     134-3     100-8       74-8 

16.         17.         18.         19.  20.        21.  22. 

z     ...    40  50  60  70  80  90  100 

J     .     .     .     57-6  35-4  22-4  15-2  110       76         58 

57-2  34-6  22-4  15-0  10-8       78         5-6 

J  (mean)         57*4     350     22-4     15-1     10-9       7-7         57 

The  result  is  : — 

z     ,     20        25        30      35      40      50       60      70      80      90     100 
J     .  184-3    1342    100-4    75-2   57*5   351    22-5    15-2    110     7-9     5-7. 

Series  3.  Instead  of  the  wooden  bar,  a  cathetometcr  was  used 
in  this  scries.  The  secondary  coil  was  fixed  ,to  its  movable  tcle- 
scojje- holder ;  the  other  coil  was  ])laccd  at  the  top  of  the  vertical 
pillar.  For  the  rest,  the  coils  had  the  described  relative  posi- 
tion ;  viz.  the  ])lanes  of  the  wire  spirals  were  j)arallel  to  each 
other  and  pei-pendicular  to  the  straight  line  between  their 
centres.  The  two  siiiallei-  coils  were  used — ^"Z— tan  20°,  m  =  53, 
n  =  46,  /=8G-1. 


1. 

•) 

3. 

4. 

5. 

fi. 

10 

15 

20 

25 

30 

10 

15.-,() 

CO 

35-2 

19S 

11-8 

5-1 

l.")l  2 

69 

35  0 

2()() 

12-0 

5  6 

151.0 

.  .  . 

.  .  . 

120 

5-6 

J  (mean)  154.-4         GO         35'1         19-9         ll'O         5-5 
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7. 

8. 

9. 

10. 

11. 

12. 

z     . 

.  40 

30 

25 

20 

15 

10 

J   . 

55 

120 

19-8 

34-4 

69-0 

154-2 

5-5 

11-8 

20-0 

34-2 

G8-4 
G8-4 

154-2 
155*4 

J  (mean)     5*5         11-9         19-9         34-3         68*6     154*6 

In  the  mean  the  deflections  in  this  series  were : — 

^     .     .     10        15        20        25        30       40 
J     .     .  154-5     68-8     34-7     19-9     11-9       5-5 

3.  '"When  a  galvanic  current  of  the  intensity  i  begins  in  a 
circuit,  any  one  element  ds  of  it  induces  in  an  element  ds^  of 
another  circuit  an  electromotive  force,  for  the  magnitude  of 
which  Professor  Edlund  has  deduced  this  expression : — 

+  ^[a  cos  6  + ^kh cos^  6) cos  6 ^dsds I,      .     .     (1) 

where  r  signifies  the  distance  between  the  elements  ds  and  ds^, 
6  the  angle  between  the  element  ds  and  the  straight  line  that 
joins  the  two  elements,  and  0^  the  angle  between  that  line  and 
the  element  ds^ ;  a  and  k  are  constants,  and  h  the  velocity  of  the 
gether*  in  the  primary  circuit.     When  the  induction  is  to  be 
calculated  arising  from  the  breaking  of  the  primary  current,  the 
sign  +  of  the  expression  (1)  must  be  changed  into  — .     The 
amount  of  induction  for  any  actual  case  is  found  by  integrating 
expression  (1)  for  the  whole  length  of  the  two  circuits.     In  spe- 
cial cases  the  result  of  this  integration  is  previously  known.    For 
example,  if  the  circuits  arc  plane  curves  in  such  a  relative  posi- 
tion that  the  plane  of  each  circuit  divides  the  other  into  halves 
situated  symmetrically  to  the  dividing  plane,  the  whole  integral 
is  equal  to  zero.     If  only  the  plane  of  one  circuit  divides  the 
other  symmetrically,  but  not  vice  veisd,  the  integral  of  the  first 
term  involved  in  the  expression  (1)  is  zero.     On  the  other  hand, 
the  second  term  is  of  no  effect  if  both  the  circuits  are  divided 
symmetrically  by  the  same  plane  vertical  to  their  own  planes. 
As  the  above  experiments  concern  this  last  case,  we  shall  now 
examine  it  a  littie  more  closely.     We  suppose  that  the  circuits 
are  circles,  the  centres  of  which  are  on  a  perpendicular  to  their 
planes.     This  perpendicular  we  take  for  c-axis,  and  the  plane  of 
the  primary  circuit  for  ^-y-planc.     Thus  the  origin  corresponds 
to  tlie  centre  of  this  circuit.     Every  plane  through  the  ;:-axis  is 
perpendicular  to  the  circuits  and  divides  them  syrnuietrically. 
Therefore  the  integral  of  the  second  term  in  the  expression  (1) 

*  According  to  Professor  Edluiul's  theory  of  electrical  iihenomena,  the 
galvanic  cuncut  consists  in  a  translative  motion  of  the  liuninifevous  aether 
in  the  direction  of  the  positive  current. 
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disappears,  and  the  whole  iuductioii  is 

^.gcosgcosg,  ^^^^ (2) 

This  expression  represents  the  induction  in  the  Jirst  moment  of 
the  phenomenon.  In  order  to  obtain  the  electromotive  force  for 
the  whole  duration  of  the  induction,  the  function  under  the 
signs  of  integration  must  be  multiplied  by  a  function  of  )',  viz, 
br,  in  which  Z>  is  a  constant,  whence  results 

M^f'-^^lp^dsd., (3) 

The  axis  of  the  y-coordinate  may  be  taken  in  the  negative  direction 
through  the  inducing  element  ^5;  and  the  a'-coordinate  may  be 
reckoned  negative  parallel  to  the  direction  of  the  current  in  ds. 
Integrating  for  ds^,  the  direction  along  the  secondary  circuit  is 
taken  opposite  to  that  of  the  primary  current.  If  R  is  the  radius 
of  the  primary  circuit,  R,  that  of  the  secondary  circuit,  and  x,  ]},z 
are  the  coordinates  of  ds^,  we  have 

r = x/K'  +  Rf  +  ^'-  +  2Ry, 


a          ^ 
cos  a= i 

r 
cos  Byds^  — ;-  dy, 


and 


uU  i  I  ^ '■ — -  ds  ds^  =  Raii  1  j  ^  Jy  </s.        .     .     ( 1) 

Observing  that  for  two  elements  dSi  of  equal  length  and  in  a 
symmetrical  position  to  the  y;-planc  the  function  .vdi/  has  the 
same  sign,  »nd  that  each  single  element  of  the  primary  circuit 
has  the  same  position  relative  to  the  secondary  circuit,  we  can 
write  expression  (4)  thus:  — 

4.R««4""^t  =  4.R«f^^'_-^^-^^!^-,   .    (5) 
J -II,   '  J-R.  (R2  +  R-f+z^  +  2Ry)' 

In  the  above  experiments  the  windings  of  tlic  coils  may  be 
regarded  as  circles  witli  their  centres  on  the  ^--axis  and  their 
])lane.s  paraUel  to  tlic  cr//-planc.  Expression  (;"))  can,  of  course, 
be  used  fur  calcuhiting  the  intensity  of  the;  induced  electromo- 
tive force  according  to  ditferent  vahies  of  R,  R,,  and  z.  The 
spirals  in  a  coil  have  not  quite  equal  radii ;  nevertheless  the 
results  of  the  calculation  will  be  acc»u-ate  enough  for  comparison 
with  the  observations  if  a  mean  value  for  the  radii  be  used.     As 
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the  radius  of  the  greater  coils  21'7  centims.  is  adopted,  being 
the  sura  of  the  inner  radius  of  the  coil  (21'G5  centims.)  and  the 
thickness  (0"05  centim.)  of  the  inner  set  of  spirals.  As  regards 
the  smaller  coils,  to  their  inner  radius  {6'\)~)  centims.)  must  be 
added  half  the  depth  of  the  incision  on  the  peripheries  (0*15  cen-  ■ 
tira.);  accordingly  their  radius  is  estimated  at  7'1  centims.  As 
mean  values  of  the  distance  between  a  spiral  in  the  one  coil  and 
one  in  the  other  coil  the  distances  above  given  under  z  are 
adopted.  Let  the  deflection  produced  by  the  induced  currents 
in  an  experiment  be  J,  we  have 

J-Ri  (R2  +  E?  +  .-^  +  2%)t 

where  /,  7n,  n  have  the  same  signification  as  above  (§  2),  and  c 
is  a  constant  containing  a  and  b.    We  substitute  a  new  variable, 

w  =  |-,  and  write  R2  +  R2  +  ^2  _ 

2RK^      '""' 

thus  the  equation  (6)  changes  into 

J  =  7rc\/2RRiz7mn  I      :^du, 

J-i    («  +  w)2 

or  

JzTTTcV'SRRizY/nnA, (7) 

if  we  denote  by  A  the  integral  depending  on  «.  The  value  of  « 
is  in  all  actual  cases  of  induction  greater  than  unity.  In  order 
to  compare  the  different  series,  we  have  calculated  the  deflections 
Jj  corresponding  to  R  =  R ,  =  ;r  =  1  or  a  =  :^,,  i  =  1  =  tan  45°, 
Z=  1000,  and  mn=  100.     We  have 

Ji  =  1000007rcv/2.A,, (8) 

where  Aj  is  the  value  of  A  corresponding  to  «  =  ^.  Elimina- 
ting c,  we  get 

J  _     100000      Aj   J  ,^s 

'"i/wnv/RlT/A 

This  equation  gives  the  value  of  J,  for  every  observed  J.  The 
theory  is  confirmed  if  these  values  agree  within  the  limits  of 
errors  of  observation.  Then  the  deflections  observed  with  diflfer- 
ent  distances  between  the  coils  may  not  differ  in  any  remarkable 
degree  from  the  corresponding  values  of  J  calculated  by  the  for- 
mula 

,  _  27/?2»\/RRi     a    j  ,,..> 

^-    100000    •a;-''^'     •    •    •    ^^> 

Phil.  Mag.  S.  4.  Vol.  45.  No.  300.  April  1873.  U 
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wtere  the  arithmetical  mean  of  the  values  of  J,  in  a  series    is  t 
be  used. 

The  integral  A  is  found  by  developing  the  function  in  a  series. 

As  -  <  1,  we  have 
a 

(«  +  ?/)f  ~«^  V        2*a"^2.4*a2      2.4.6  a3+'*  7 

where 

^       3.5.7...  (2;j  +  l)      p  n  T^    •        1 

Hence 

A=42;::(-ir5.£WT3i?&.  .   (11) 

By  the  theory  of  binomial  integrals  we  have 

J  ;;  +  2  7;  +  2J 

For  the  limits  u=  +1  and  m=  — 1  the  first  term  in  the  right- 
hand  member  is  zcro^  and 

J-i  i^  +  '^i'-i 

In  the  same  manner  wc  find 

j      w"- Vl  -  u^du  =  '-—  \      u^-'  y/l-u^du, 

I      nP-Wl-u^du=-~vA      u^-<^\/T^^dt(,  kc. 
If  p  18  an  odd  number  2^  +  1,  the  last  integral  of  tliis  kind  ia 
1      n\/l—u^du',  and    for   p   even    =2^    the  last  inteirral    is 

I       Vl—uyu.     It  is  easily  found  tliat  tlic  former  intcgrnl  is 

=  0;  tlius  all  coefficients  B^  with  an  odd  index  disiipj)car.     The 

value  of  the  latter  integral  is  =  J.     If  wc  ascend  successively  to 

the  original  integral,  wc  find  for;j  =  27:— 

\"uWT^'u^du=.  {27^)(27-3)(2v-5)_,..3.  I    TT^         ^ 
.'-1  (2y  +  2)      2<7     (2y-2)...G.4   '^       '''2' 

if  we  denote  by  Ca,  the  fnipfionid   rocnicirnt,  which  is  =1    for 
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<7=0.     The  result  of  the  calculation  is 

J^         ,=  x  1_^ 

or  TT      r       1    ^    J^      Ll?.   3.5.7.9    J^ 

2«\/«  L   "^4'3.4*a-'^4.6"2.4.G.8'«'* 
1.3.5    3.5.7.9.11.13 

T 


4.6.8   3.4.0.8.10.13 


h--]- 


In  calculatinp;  the  values  of  A  by  this  formula,  the  terms  have 
been  determined  to  four  decimals.  The  more  the  value  of  a 
exceeds  unity,  the  more  rapidly  does  this  series  converge.  Ge- 
nerally 4  or  5  terms  were  sufficient.  Only  for  values  of  a  very 
near  unity  was  it  necessary  to  calculate  6  or  7  terms  besides  the 

TT 

first.    Ai  is  found  =  0*7079  .-;  in  this  value  are  contained  the 

first  nine  terms  of  the  series.     The  results  of  the  whole  calcula- 
tion were  the  following : — 

Series  1.    R  =  21' 7,    Rj  =  7-1,    mn  =  1581,    /  =  87,   and 


i  =  tanl5°. 

J, 

Ji. 

Differcnc( 

Calculated. 

Observed. 

1-5.     . 

49-74 

176-7 

176-0 

+  0-7 

10     .     . 

49-59 

128-3 

127-4 

+  0-9 

15     .     . 

49-91 

93-4 

93-3 

+  0-1 

20     .     . 

50-05 

66-0 

66-1 

-0-1 

25     .     . 

50-16 

46-6 

46-8 

-0-2 

30     .     . 

50-65 

33-3 

33-8 

-0-5 

40     .     . 

49-53 

18-1 

17-9 

+  0-2 

Mean  . 

,  49-95 

Sei'ies  2.  R=Ri  =  21-7,  ?nn  =  992,  /=59,  and  f=  tan  14^ 

J. 


z. 

Ji. 

Calculated. 

Observed. 

Difference. 

20     .     . 

51-86 

186-4 

184-3 

+  2-1 

25     .     . 

52-55 

133-9 

134-2 

-0-3 

30     .     . 

53-43 

98-5 

100-4 

-1-9 

35     .     . 

53-27 

740 

75-2 

-1-2 

40     .     . 

53-24 

56-7 

57-5 

-0-8 

50     .     . 

52-87 

34-8 

351 

-0-3 

60     .     . 

52-19 

22-6 

22-5 

4-0-1 

70     .     . 

51-84 

15-4 

15-2 

+  0-2 

80     .     . 

53-11 

10-9 

11-0 

-0-1 

90     .     . 

52-26 

7-9 

7-9 

0 

100     .     . 

50-29 

5-9 

5-7 

+  0-2 

Mean 

.  52-45 

U2 


T 

J. 

T^i  ■ffVirPTiPP 

"l" 

r 
Calculated. 

Observed. 

i^lUCiCill^C* 

49-63 

153-7 

154-5 

-0-8 

49-77 

68-2 

68-8 

-0-6 

49'17 

34-8 

34-7 

+  0-1 

49-71 

19-8 

19-9 

-0-1 

48-33 

12-2 

11-9 

+  0-3 

49-66 

5-5 

5-5 

0 
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Series  3.  Il  =  Il,  =  7-l,  ??m  =  2438,  Z=86-l,  and  i=  tan  20°. 


10  . 

15  . 

20  . 

25  . 

30  . 

40  . 

Mean  .  49-38 

The  differences  are  not  important ;  the  theory  is  certainly 
confirmed  in  a  very  remarkable  manner.  Also  the  accordance 
of  the  mean  value  of  Jj  is  very  satisfactory ;  for  we  have  found 

in  the  series  1.  2.  3. 

Jj     .     .     .     .     49-95         52-45         49-38. 

The  mean  value  is  50*59,  with  the  probable  error  +0*636,  a 
small  quantity  considering  the  simple  means  used  for  the  expe- 
riments. 

4.  We  will  now  consider  the  case  in  which  the  integral  of  the 
first  term  in  expression  (1)  disappears.  Let  the  induced  circuit 
turn,  about  the  diameter  parallel  to  the  y-axis,  90°  from  its 
position  in  the  preceding  experiments.  Thus  the  two  circuits  come 
into  a  relative  position  in  which  no  induction  exists.  The  inte- 
gral of  the  first  term  disap])cars,  because  the  ])lane  of  the  secondary 
circuit  divides  the  primary  circuit  symmetrically  ;  and  as  the 
a'.-planc  divides  both  the  circuits  symmetrically,  the  second 
term  also  is  of  no  influence.  But  if  ve  displace  the  secondary 
circuit  in  the  7/;r-planc  so  that  neither  the  y-axis  nor  the  2;-axis 
passes  througii  its  centre  or  intersects  its  circumference,  the 
integral  of  the  second  term  obtains  a  finite  value.  In  order  to 
show  this,  we  draw  through  the  inducing  element  ds,  the  coordi- 
nates of  which  may  be  x,  y,  0,  a  plane  (denoted  by  V)  paralUd  to 
the  a:-axis  and  containing  the  centre  of  the  secondary  circuit.  Thus 
the  plane  P  divides  this  circuit  symmetrically.  We  combine  the 
clement  ds  with  an  element  ds^  of  the  secondary  circuit  on  one 
bide  of  P.     Let  the  coordinates  of  ds^  be  0,  ?;,  ^;  then  wc  find 


cos'^^='4^., 


Jl^ 


and  the  electromotive  force  in  the  first  moment 

^+\ikjfi'^^co^O,d,ds, (12) 

To  the  clement  0,  ?;,  (f  corresponds  another  clement  0,  ?;,,  ^p  at 
the  same  distance  from  the  plane  of  synnnetry  V,  but  on  the 


M.  A.  F.  Sundell  on  Galvanic  Induction.  293 

opposite  side  of  it.  If  we  combine  that  element  with  ds,  we  ob- 
tain the  same  numerical  value  of  r  and  cos^,,  but  the  latter 
quantity  changes  its  sign.  The  electromotive  force  of  this  com- 
bination is 

-hkh'^co^e.dsds. (13) 

By  adding  (12)  and  (13)  we  obtain 

3         x^ 
+  ^  ikh  ^^  iv'^—vl^  cos  dids  </5,.      .      (14) 

If  we  multiply  by  br  and  eflfect  the  integration  along  one  of 
the  halves  into  which  the  secondary  circuit  is  divided  by  the 
plane  P,  we  obtain  the  inducing  force  of  the  element  ds.     By  a 
second  integration  along  the  primary  circuit,  the  whole  amount 
of  induction  will  be  known.     As  none  of  the  finite  factors  in 
expression  (14)  changes  sign  within  the  limits  of  integration, 
the  integral  has,  mathematically  speakings  a  finite  value.     How- 
ever, it  is  possible  that  the  eflfect  of  the  induction  may  be  too 
feeble  to  be  shown  by  the  experiment,  because  the  coefficient  of 
the  second  term  is  very  small  in  comparison  with  that  of  the  first 
term*.     Moreover  an  attempt  to  measure  this  effect  directly  by 
placing  the  coils  so  as  to  annul  as  much  as  possible  the  influ- 
ence of  the  first  term  did  not  afford  a  decisive  result,  though  a 
little  modification  of  the  experiment  was  more  successful.     It  is 
evident  that  cos  6  and  the  first  term  in  expression  (1)  change 
sign  when  the  primary  current  is  reversed;   on  the  contrary, 
the  sign  of  the  second  term,  which  contains  cos  9  in  the  second 
degree,  is  independent  of  the  direction  of  the  current  in  the  ele- 
ment ds.     Accordingly,  if  the  induction  produced,  for  example, 
by  breaking  the  primary  circuit  is  observed  for  the  opposite  di- 
rections of  the  inducing  current,  the  coils  being  in  such  a  })osi- 
tion  that  only  the  second  term  has  an  iufiuence,  the  deflections 
of  the  magnetometer  must  be  equal  and  towards  the  same  side 
from  the  position  of  equilibrium.     A  perfectly  accurate  adjust- 
ment of  the  coils  is  not  possible ;  therefore  even  the  first  term 
must  be  taken  into  account,  as  also  other  causes  of  magnetic 
deflection.     Let  a  denote  the   deflection  corresponding  to  the 
first  term,  b  that  for  the  second  term,  </,  and  b^  the  same  for  the 
induction  between  the  primary  coil  and  the  coil  of  the  multiplier 
and  its  wires,  Oc,  and  i.^  the  induction  from  the  wires  of  the 
battery.     The  primary  coil  and  the  wires  of  the  battery  were 
not  infinitely  distant  from  the  magnetometer ;  thus  a  direct  in- 
fluence on  the  magnetic  needle  was  possible.     Let  c  denote  this 
influence  of  the  coil,  and  Cj  that  of  the  battery  wires.     The  wires 

♦  Edlund,  "  Sur  la  Nature  de  I'Electricite." 
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from  the  disjunctor  to  the  commutator  and  the  coils  were  twisted 
together;  and  therefore  their  influence  may  be  regarded  as  in- 
considerable. The  tangent-galvanometer  was  only  occasionally 
inserted  in  the  primary  circuit  to  obtain  an  approximate  value 
of  the  intensity  of  the  current ;  in  the  induction-experiments 
it  was  taken  out  of  the  circuit.  The  whole  deflection  is 
fl  +  Cj  +  fl'a  +  i  +  Z'j  +  ig  +  c  +  Cj  for  the  one  direction  of  the  pri- 
mary current,  and  —a  —  a^+OQ  +  b-^b^-^bc^  —  c  +  Ci  for  the  op- 
posite direction.  By  addition  we  obtain  2{a^  +  b^-{-b  +  b^-\-c^). 
The  quantity  of  a^  +  bc^  +  c^^  was  measured  by  excluding  the 
inducing  coil  from  the  primary  circuit.  In  relation  to  the 
diminished  resistance  the  intensity  of  the  current  was  very  great 
(  =  tan52°);  yet  the  deflection  (for  128  secondary  currents)  did 
not  reach  half  a  division  of  the  scale.  AVhen  the  inducing  coil 
was  made  part  of  the  circuit,  the  strength  of  the  current  was 
only  =tan  28°;  and  for  so  feeble  a  current  the  sum  a^  +  b^  +  c^ 
may  be  regarded  as  =0.  In  the  following  experiments  the 
coils  had  this  ])Osition  :  the  windings  of  the  primary  coil  were 
parallel  to  the  .ry-plaue  ;  and  the  middle  spiral  of  the  secondary 
coil  was  in  the  yr-plane,  in  such  a  position  that  it  was  not  inter- 
sected by  any  one  of  the  axes.  For  observing  the  eflfect  of  the 
second  term,  this  relative  position  of  the  coils  is  the  most  advan- 
tageous, as  the  elements  of  the  integral  in  expression  (14)  are  all 
of  the  same  sign.  The  distance  of  the  centre  of  the  secondary 
coil  from  the  a.'r-plane,  was  a  little  greater  than  its  diameter. 
The  coils  were  of  the  described  construction;  their  inner  radius 
was  IG  centims.,  the  thickness  of  the  wire  1  milliu).,  and  the 
number  of  spirals  forty-five.  The  conductiug-power  of  the 
secondary  circuit  was  =119.  The  deflections  (for  128  cur- 
rents) to  rising  numbers  of  the  scale  arc  preceded  by  the  sign 
+  ,  and  those  to  the  oj)])0.sile  side  by  — .  Before  every  new 
experiment  the  inducing  current  was  reversed. 


Experiment  1. 

Deflections     .     -f- 13-2 

-Ml-2 

-f  12-8 

-fl2-2 

2 

-120 
-12-2 
-12G 

3. 
+  12-4 
+  12-2 
+  12-2 

4. 
-12G 
-130 
-11-4 

Means  . 

+  12-4 

-12-3 

+  12-3 

-12-3 

Experiment  5. 
Deflections     .      +12-4 
-f  12-0 
+  12-2 

G. 
-12-8 
-13-4 
-12G 

7. 
+  12-4 
+  12-0 
+  120 

8. 
-12-4 
-12-2 
- 11  G 

Means  .     + 12'2         -12-9         +12-1         -12-1 
The  mean  values  of  these  deflections  arc  +  12'25  and  — 12*40. 
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As  in  comparisoQ  with  the  great  distance  between  the  inducing 
coil  and  the  magnetometer,  b^  can  be  neglected,  for  b  we  may 
assume  2b  =  — 12-40  +  12-25  =  —0- 15,  orb=  —0-08,  a  quantity 
certainly  within  the  limits  of  errors  of  observation.  Thus  these 
experiments  confirm  that  the  second  term  in  the  formula  of  in- 
duction is  very  small  compared  with  the  first  term. 

5.  When  the  tether  in  a  circuit  is  put  in  motion^  its  repul- 
sive force  on  the  surrounding  sether-molecules  is  changed ;  and 
these  are  moved  to  a  new  position  of  equilibrium.  Also  the 
aether  in  a  circuit  placed  in  the  neighbourhood  of  the  former  is 
momentarily  moved ;  that  is  to  say,  a  secondary  current  is  excited 
in  it.  AVhen  the  inducing  current  ceases,  the  surrounding 
aether  and  that  in  the  secondary  circuit  return  to  the  original 
position  of  equilibrium ;  and  thus  a  secondary  current  of  oppo- 
site direction  is  produced.  It  is  known  that  secondary  cur- 
rents of  the  same  intensity  as  those  which  are  excited  by  esta- 
blishing or  destroying  the  mducing  current,  the  circuits  being  iu 
any  one  relative  position,  are  also  produced  when  the  circuits 
are  brought  into  this  position  from  another  (in  which  no  induc- 
tion is  performed  by  completing  or  breaking  the  primary  circuit), 
or  vice  versa,  from  the  former  into  the  latter  position.  The  new 
theory  explains  this  in  a  very  simple  manner.  Suppose  the  in- 
ducing current  is  established ;  then  the  aether  in  the  secondary 
circuit  is  displaced  from  its  original  position  of  equilibrium.  AA'e 
can  restore  the  original  equilibrium  in  two  ways.  The  cause  of 
perturbation  is  removed  cither  by  breaking  the  inducing  cur- 
rent or  by  changing,  in  a  suitable  manner,  the  relative  posi- 
tion of  the  circuits,  for  example,  by  making  the  distance  be- 
tween them  very  great.  Further,  by  bringing  the  circuits 
from  this  latter  position  into  the  former,  the  aether  iu  the  se- 
condary circuit  is  disturbed  in  the  same  manner  as  by  esta- 
blishing the  inducing  current  in  the  original  position.  The 
velocity  of  the  relative  motion  has  no  intluence  on  the  total 
intensity  of  the  induced  currents. 

In  connexion  with  the  experiments  related,  the  following 
were  made  in  order  to  ascertain  the  agreement  in  results  of 
the  two  methods  of  induction.  The  coils  last  used  were  placed 
horizontally  the  one  upon  the  other,  so  that  their  centres  were 
on  the  same  vertical  line.  In  this  position  the  primary  circuit 
was  (once)  completed  or  broken,  and  the  intensity  of  the  excited 
secondary  currents  was  noted.  Tlicn,  the  primary  circuit  being 
closed,  the  secondary  coil  was  vertically  raised  to  a  position  in 
w^hich  no  inducing  effect  was  observed  on  establishing  or  de- 
stroying the  inducing  current.  The  last  experiment  consisted 
in  depressing  the  secondary  coil  to  its  original  position ;  the  in- 
tensity of  the  secondary  currents  produced  by  change  of  relative 
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position  was  also  observed.  The  conducting-power  of  the 
secondary  circuit  was  =119,  and  the  intensity  of  the  inducing 
current  =  tan  28°.  The  following  deflections  were  observed. 
The  signs  denote,  as  above,  the  side  of  the  scale  towards  which, 
the  magnetic  needle  was  deflected. 


The  primar)'  circuit  broken. 

-360 

35-8 

360 

36-2 

The  secoiKlarv  coil 

-36-0 

36-8 

36-4 

36-8 

Mean     -360 

Mean     -36-5 

The  circuit  closed. 
+  36-2 
36-4 
36-4 

The  coil  lowered 
+  360 
36-2 
35-4 

Mean     +36-0 

Mean     +359 

Thus,  according  to  the  theory,  the  intensity  of  the  secondary 
current  is  the  same  for  all  four  ways  of  efi^ecting  the  induction. 


XXXVIII.  The  Vibrations  ivhich  Heated  Metals  undergo  when  in 
contact  ivith  cold  Material,  treated  mathematically.  By  A. 
S.  Davis,  M.^.* 

UNDER  certain  conditions  a  heated  piece  of  metal,  when 
laid  upon  a  cold  block  of  metal  or  sonic  other  suitable 
material,  will  vibrate  by  rocking  rapidly  about  upon  its  points  of 
support;  and  the  vibrations  will  continue  as  long  as  the  heated 
metal  continues  much  hotter  than  the  cold  block  upon  which 
il  rests. 

One  of  the  conditions  essential  for  the  production  of  these 
vibrations  is  that  the  heated  metal  nnist  be  so  shaped  and  so 
placi'd  upon  the  cold  block  that  it  would,  if  cold,  rock  rapidly  to 
and  fro  for  a  short  time  nj)on  being  slightly  tilted  and  left  to 
itself.  This  condition  may  be  attained  by  sha])ing  the  piece  of 
metal  with  two  paralU-1  ridges  near  together,  on  which  it  may 
rest  u])()ii  the  cohl  block,  whilst  it  finds  a  thii'd])oint  of  support 
on  the  table  upon  which  the  block  is  j)laced.  Tiie  heated  ))iecc 
of  metal  may  consist  of  brass,  coj)per,  iron,  or  generally  of  any 
of  those  metals  which  are  good  conductors  of  heat.  The  best 
materials  known  for  the  cold  block  are  lead  and  rock-salt. 

Sir  John  Leslie  first  suggested  that  the  cause  of  these  vibra- 
tions is  to  be  found  in  the  ex|)ansion  of  the  cold  block  by  the 
lieat  which  flows  into  it  from  the  hot  metal  at  the  points  of  con- 

•  Communicated  bv  (he  Author. 
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tact.  Faraday*,  Secbeckf,  and  Tyndall  %  lir^ve  adopted  this  expla- 
nation ;  and  they  have  shown  that  most  of  the  facts  which  they 
and  others  have  ascertained  respecting  these  vibrations  are  easily 
explained  upon  this  view  of  their  cause,  supposing  only  that  the 
expansion  is  sufficiently  great  to  produce  any  sensible  effect. 

Professor  James  Forbes  §,  on  the  other  hand,  after  an  extensive 
series  of  experiments,  was  led  to  reject  Sir  John  Leslie^s  expla- 
nation, one  of  his  principal  reasons  for  doing  so  being  the  im- 
possibility, as  it  appeared  to  him,  that  the  expansion  occasioned 
by  so  slow  a  process  as  the  conduction  of  heat  could  produce  any 
sensible  mechanical  effect.  He  says,  •'  Even  at  first  sight  it  docs 
appear  very  difficult  to  conceive  how,  when  the  vibrations  are 
increased  to  500  or  more  in  a  second,  a  process  depending  upon 
so  slow^  an  operation  as  the  conduction  of  heat  should  cause  the 
metal  to  expand  and  contract  successively  by  a  finite  quantity. 
The  effect  has  every  appearance  of  being  one  of  active  and  almost 
instantaneous  repulsion,  and  bears  no  resemblance  whatever  to 
the  slow  mechanical  elevation  of  the  surface  by  the  process  of 
expansion.'^  After  remarking  that  such  inferences  are  often  erro- 
neous, he  enters  into  a  closer  consideration  of  the  phenomenon, 
but  finds  no  reason  for  altering  the  opinion  expressed  in  the 
passage  just  quoted. 

It  thus  appears  to  be  an  interesting  problem  to  determine  by 
calculation  the  amount  of  expansion  produced  in  the  block  in 
any  given  time,  and  to  find  whether  it  is  sufficiently  great  to 
cause  the  vibrations  in  question.  This  is  what  I  have  attempted 
to  do  in  the  present  paper ;  and  the  conclusion  at  which  I  have 
arrived  confirms  the  truth  of  Sir  J.  Leslie's  explanation. 

I.  To  find  the  expansion  produced  in  any  given  time. 

It  will  be  convenient  to  consider  in  the  first  place  the  follow- 
ing problem  : — A  large  heated  piece  of  metal  is  laid  upon  a  large 
cold  piece  of  the  same  kind  of  metal,  the  surfaces  in  contact  being 
horizontal  ])lanes.  To  find  the  height  through  which  the  sur- 
face of  the  cold  metal  has  been  raised  in  any  given  short  time. 

The  time  being  short,  the  depth  to  which  the  heat  will  have 
])enetrated  will  be  small ;  and  the  pieces  of  metal  may  therefore 
be  considered  infinite  in  extent.  AVe  have,  then,  for  determining 
the  temperature  v  at  any  depth  x  after  the  time  /,  the  following 
equation, 

2V  C^t      , 

'=^'°-7^i    '''■'-     •  •  •  •  (^) 

♦  Proc.  of  Roy.  Inst.  vol.  ii.  p.  119.  f  Pogg.  Ayin.  vol.  li. 

X  Proc.  of  Roy.  Inst.  1854.  See  also  'Heat  as  a  mode  of  Motion.' 
p.  127. 

§  Phil.  !Mag.  vol.  iv. 
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where  V  is  half  the  difference  between  the  initial  temperatures 
of  the  two  pieces  of  metal,  Vq  is  their  arithmetic  mean,  k  is 
the  conductivity  of  the  metal  in  terms  of  the  thermal  capacity  of 
the  unit  of  bulk.  (See  Thomson  and  Tait,  'Natural  Philo- 
sophy/ vol.  i,  p.  717.) 

If  0  Y  be  taken  in  the     o  a ^ 

surface  of  the  metal  and 
0  X  vertically  downwards, 
and  if  we  take  0  A  to  re- 
present V,  and  N  P  to  re- 
present v—{vq-~Y)  {i.  e. 
the  excess  of  the  tempe- 
rature of  the  metal  at  the 
depth  ON  {=x)  at  the 
time  t  over  the  initial  tem- 
perature of  the  metal),  the 
curve  A  P  Q  will  be  very 
near  the  axis  of  X  at  all 
depths  greater  than  4.\/X'/,  because  the  value  of  the  integral 

1     T"' 
—y~.  I    €  ^dz  is  very  nearly  equal  to  ^r  for  all  values  of  7V>-  2. 

Take  0  B  =  2\/kt,  and  complete  the  rectangle  0  D. 

The  expansion  which  the  metal  has  undergone  will  be  pro- 
portional to  the  area  0  A  (i;  and  this  expansion  bears  the  same 
proportion  to  the  expansion  which  the  metal  would  undergo  if 
heated  uniformly  to  a  temperature  t'y  down  to  a  depth  0  H  as 
the  area  0  A  (^  bears  to  the  area  of  the  rectangle  0  D.  The 
ratio  which  the  area  0  A  Q  bears  to  0  D  is  constant,  and  by 
careful  measurement  is  found  to  be  nearly  as  G  :  10.  (This  curve 
is  carefully  drawn  in  Thomson  and  Tail's  'Natural  Philosophy,' 
vol.  i.  ]).  719.) 

liCt  d  be  the  increase  of  unit  length  of  the  metal  for  an  in- 
crease of  one  degree  in  the  temperature.  Then  the  height 
through  which  the  surface  has  risen  in  time  /  is 

•0  X  V  X  2v/A7  X  (/ (2) 

"When  the  hot  and  cold  metals  are  of  the  same  kind,  the  con- 
traction of  the  hot  metal  will  be  ((pial  to  the  expan^sio^  of  the 
cold  metal  (8upj)osing  the  dilatability  not  to  vary  with  the  tem- 
perature). In  this  case,  then,  the  nuiss  of  hot  metal  will  not  be 
raised  by  the  llow  of  heat. 

Let  UH  next  eonsidiM-  the  ease  in  which  the  hot  and  cold  me- 
tals are  of  different  kinds.  The  common  temj)erature  of  the 
surfaces  in  contact  will  not  be,  as  in  the  former  case,  a  mean 
between  the  initial  temperatures  of  the  two  metals. 
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To  find  what  this  temperature  will  be,  let  T  be  its  excess  over 
the  initial  temperature  of  the  cold  metal,  and  let  T,  be  the  excess 
of  the  initial  temperature  of  the  liot  metal  over  the  same  tempe- 
rature. Then  if  d,  d\  p,  p',  cr,  a'  be  respectively  the  dilatabilities, 
specific  gravities,  and  specific  heats  of  the  cold  and  hot  metals, 
it  will  be  seen  from  what  has  been  already  proved  that  the  ex- 
pansion of  the  cold  metal  is  to  the  contraction  of  the  hot  metal  as 

TdV'Ft :  {T-T)d's/¥T. 
But  if  h  be  the  heat  which  has  flowed  out  of  the  hot  metal  into 

the  cold  metal,  the  expansion  of  the  cold  metal  is  — ;  for  the 

pa 

total  expansion  would  be  the  same  however  the  heat  were  distri- 
buted: and  it  is  clear  that  —  would  be  the  expansion  if  the  heat 

pa- 

h  were  uniformly  distributed  over  a  unit  cube  of  the  metal.     In 

hd' 
the  same  manner  the  contraction  of  the  hot  metal  will  be  -7—,. 

pa' 

Thus  we  have 


Tds/kt:[T-iyi'^k't 


whence 


hd    hd' 
pa    p'a' 


T-T  X  p'^VA'^ /ox 

Wben  the  two  metals  are  of  different  kinds,  the  expansion  of  the 
one  will  not  in  general  be  equal  to  the  contraction  of  the  other, 
and  consequently  the  mass  of  hot  metal  will  be  cither  raised  or 
lowered. 

Let  us  now  consider  the  case  in  which  the  hot  metal  is  copper 
and  the  cold  metal  lead.     In  this  case 

/9  =  ll-35  p'=8-88 

0-=      -0314  0-'=   -095 

f/=  0-000028  f/'  =  0-00001 7. 

Taking  a  decimetre  as  unit  of  length,  and  a  second  as  unit  of 
time,  and  1°  C.  as  unit  of  temperature, 

v/A-  =  -0327,     v^A'"=-0175. 
Substituting,  we  obtain 

T  =  -77xT,. 

Hence  the  expansion  of  the  lead  is 

1-2  X  0000028  X  -0327  x  '77  x  T,  x  \/7 
= -000000846  xT  xv"/; 
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and  the  contraction  of  the  copper  is 

1-2  X  0000017  X  -0475  x  '23  x  T^  x  \/t 

= -000000223  xT^xv/7. 

Therefore  the  copper  is  raised  iu  time  t  through  a  space 

•00000062  3  T^x/r  decimetre, 
or 

•000062 T^y/^  millimetre. 

Let  us  now  consider  the  case  in  which  the  area  of  the  surfaces 
in  contact  is  very  small,  which  will  be  the  case  applicable  to  the 
rocker  and  block. 

If  the  heat  which  flows  out  of  the  hot  metal  and  into  the  cold 
metal  were  wholly  confined  to  those  parts  which  are  vertically 
above  and  below  the  surfaces  in  contact,  then  the  height  to  which 
the  surfaces  would  rise  would  be  given  by  the  expression  already 
found.  But  in  general  a  certain  portion  of  the  heat  will  flow 
laterally;  and  consequently  the  height  to  which  the  surfaces  rise 
will  in  general  be  less  than  the  expression  already  found.  The 
proportion  of  heat  which  escapes  laterally  will  be  greater  the 
greater  the  depth  to  which  the  heat  has  flowed. 

Thus  let  a  a  he  the 
part  of  the  surfaces  in 
contact.  "When  the 
heat  has  flowed  to  the 
depth  q'  (/,  the  whole 
amount  of  heat  which 
has  escaped  laterally 
bears  a  larger  propor- 
tion to  the  heat  which 
has  flowed  directly 
downwards  than  it 
does  when  the  heat 
lias  only  flowed  to  the 
depth  (J  (J.  It  will  be 
seen  also  that  the  |)ro- 
])ortion  of  heat  which  escapes  laterally  depends  upon  the  ratio 
of  the  diameter  of  the  surface  in  contact  to  the  depth  to  which 
the  heat  has  flowed. 

Assuming,  as  a  probable  value,  ^2  millim.  for  the  diameter  of 
the  surface  in  contact,  and  siij)posing  that  the  vibrations  arc 
taking  place  at  the  rate  of  22.")  per  scioiid,  let  us  intiuire  what, 
under  these  circiiinstaiices,  will  be  the  projiortioii  of  heat  which 
flows  laterally.  It  will  be  seen  from  the  figure  that  only  a  small 
part  of  the  heat  which  has  flowed  into  the  lead  has  penetrated  to 


Metals  undergo  when  in  contact  with  cold  Material.       301 

a  depth  greater  than  2\/kf,  and  that  two  thirds  of  the  whole 
amount  is  confined  to  a  depth  less  than  \/kt.  Hence,  in  the  case 
under  consideration,  only  a  small  part  of  the  heat  has  penetrated 
•44  millim.  into  the  lead,  and  two  thirds  of  the  whole  amount 
has  not  penetrated  '22  millim.  In  the  same  way  it  will  he 
found  that  but  little  heat  has  flowed  out  of  the  copper  from  a 
depth  greater  than  '63  millim.,  and  that  two  thirds  of  the  whole 
amount  has  come  from  a  depth  less  than  "32  millim.  If,  then, 
we  draw  the  figure  so  that  aa,  aq,  a  q',  ar,  a  r'  are  proportional 
respectively  to  the  numbers  20,  22,  44,  32,  63,  we  may,  by  con- 
sidering the  proportions  which  the  masses  of  heated  and  cooled 
metal  vertically  above  and  below  the  surfaces  in  contact  bear  to 
the  whole  masses  of  heated  and  cooled  metals  respectively,  form 
a  rough  estimate  of  the  proportion  of  heat  which  is  available  in 
raising  the  rocker. 

Taking  one  fifth  of  the  heat  which  flows  into  the  lead  as 
available  in  raising  the  rocker,  and  one  tenth  of  that  which 
flows  out  of  the  copper  as  available  in  diminishing  the  height  to 
which  the  rocker  is  raised,  the  height  through  which  the  rocker 
is  raised  will  be 

•0000147  xT^xv/Jmilbm.*,        .     .     .     (4) 

when  /  has  a  value  about  -^^S' 

II.  Taking  this  as  the  correct  expression  for  the  height 
through  which  the  rocker  is  raised,  I  now  proceed  to  determine 
the  difference  of  temperature  between  the  copper  and  lead  neces- 
sary to  produce  continuous  vibrations  at  a  given  rate  in  a  rocker 
of  given  shape. 

Let  the  rocker  be  a  rectangular  parallclopipcd  with  two  pa- 
rallel ridges  on  its  underside.  Let  the  point  of  support  which 
rests  upon  the  table  be  so  far  removed  from  the  body  of  the 


o  u 

*  I  here  assume  that  the  totiil  How  of  licat  into  the  \vm\  is  the  siuiu-  as 
if  there  were  no  lateral  ilow  of  heat.  'J'he  fact  that  a  lateral  How  of  heat 
occurs  will  i)rohably  increase  the  total  flow,  and  will  also  probably  have 
the  effect  of  (Uminishing  thedcjjth  to  which  the  heat  Hows  in  a  given  time. 
For  each  of  these  reasons  the  value  found  above  would  be  too  small. 
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rocker  by  means  of  a  long  thin  rod,  and  so  arranged,  that  every 
vertical  slice  of  the  body  of  the  rocker  has  as  nearly  as  possible 
the  same  motion.  Let  M  be  the  mass  of  the  rocker,  MA;^  the 
moment  of  inertia  about  an  axis  through  the  centre  of  gravity 
parallel  to  the  length  of  the  rocker,  2a  the  distance  between  the 
ridges,  2b  the  depth,  and  2c  the  breadth  of  the  rocker.  Let 
G),  eo'  be  the  angular  velocities  just  before  and  just  after  the  im- 
pact of  the  rocker  upon  the  point  0,  Let  R,  Q  be  the  hori- 
zontal and  vertical  components  of  the  impulse,  w,  w'  the  hori- 
zontal, V,  v'  the  vertical  component  velocities  of  the  centre  G, 
to,  co'  the  angular  velocities  of  the  rocker  before  and  after  impact, 
6  the  inclination  of  the  rocker.  The  equations  of  impulsive 
motion  are 

M(m'-m)  =R, 

-M{v'-v)=Q, 

Mk^{oi'-(o)='Ei.y-Q.w. 

Eliminating  R  and  Q,  we  have 

Z;^  (&)' —  w)  =  ?/ («' — u) — x{v' — v) (5) 

If  X,  7/  be  the  coordinates  of  G,  and  H  the  height  of  0'  above 
0  X,  the  geometrical  relations  are,  before  impact, 
2a—x  =  acos6  +  bsin0, 

y  — 11  =  6  cos  6  — a  sin  6 ; 

whence,  by  differentiation, 

—  M=  (— «sin  ^  +  Z)C0S^)ci), 

V—  -T7  =  (  — i  sin  ^  — «  cos  ^)a). 

After  impact  the  geometrical  relations  are 

a'=acos  Q—b  sin  6, 

7/  =  flsin  Q-\-b  cos^; 
whence 

?f'  =  ( — a  sin  ^  —  i  cos  ^) «', 

i;'=(     azo%Q~bm\6)(jJ. 

Substituting  these  values  in  (5)  and  neglecting  very  small  quan- 
tities, we  obtain 

Z-2  _L  //2  _L  /,2 

xw' (6) 


Wc  have  now  to  dctcrniinc  the  Tiiotion  bctwcni  two  iiii])!icts. 
If  the  vil)riiti(iiis  are  continuous,  the  :iiip\il;ir  velocity  accpiircd 
just  before  the  next  impact  tipon  tbc  otljcr  jioint  of  t«iij)port  0' 
must  be  equal  to  —to.  Innncdiatcdy  after  tlie  inijinct  upon  O, 
the  point  0  begins  to  rise.     Let  h  be  the  height  to  which  it  has 
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risen  in  the  time  t.  Let  R',  Q'  be  the  liorizontal  and  vertical 
components  of  the  pressure  upon  the  rocker  at  the  point  0  at 
the  time  /.     Then  the  equations  of  motion  are 

The  geometrical  relations  are 

x-=a  cos  6—h  sin  6, 
\y  =  b cos  ^  +  G  sin  ^  +  h. 
From  these  equations  we  obtain 

,^dW  f        dVi\ 

/        dVi\  . 

=  -a\^-\-  -^J  very  nearly. 

Integrating  and  noticing  that  when  t  =  0,  -^-=0)',  we  have 

T.->  da  ,         dh      ,^   ,  ,_. 

'''711= -"'J'-"  ■11  +  '"' (^' 

Integrating  again  and  noticing  that  when  ^  =  0,   h  =  0,  and 

6=  rr-,  we  have 
2a 

Z  2a 

Now,  just  before  the  next  impact  0  will  have  risen  to  a  height 
H,  and  0'  will  have  sunk  down  to  its  original  position.     There- 
fore the  values  of  ^  and  -J-  will  be  respectively  — r-  and  — «. 
at  ^  2  a 

Hence,  if  tt  be  the  period  of  the  vibration,  we  have 

k-.  H      agrr-  ,        ,^      ,c   , 
a  2 

u' 

From  (7)  we  have 

r,t  4-  f.v\  =  firiTT  -i-  n 

dt 


2.A-V 


(8) 


A-2(a)  +  &)')=r/^7r  +  fly- (9) 
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From  (8)  and  (9)  we  obtain 

6)  — 6)  at 


W  +  W  52,       2^^' 

a^qiv^  +  a^-r  it 
at 

But  from  (6),  ^_^^ ^ 

^^^°  H  =  -0000l47xT,v/^, 

a»d  dh  _  -0000074  X  T^ . 

dt  ~  -v/^ 

a^  -0000147  xT,(^: -3) 


*  '  A:2  +  62        2^7ri  +  -0000147  X  T, 

In  the  rocker  I  have  employed,  c  =  2'5,  Z>  =  23,  c  =  10  millims. 

Putting  also  ^  =  9800  and  77  =  ^^^  and  reducing,  we  obtain 
T,  =  10°  C.  very  nearly. 

Thus  we  conclude  that  if,  after  each  impact,  the  heated  lead 
and  the  cooled  copper  in  the  neighbourhood  of  the  point  of  con- 
tact were  to  regain  their  initial  temperatures  before  the  next 
impact  upon  the  same  point  took  place,  then  a  difference  of  only 
10'^  C.  between  the  two  metals  would  be  sufficient  to  keep  up  a 
vibration  of  the  rocker  at  the  rate  of  225  impacts  per  second. 
This,  of  course,  will  not  be  the  case;  but  it  is  not  difficult  to 
see  that,  owing  to  the  fact  that  the  little  masses  of  heated  lead 
and  cooled  copper  are  each  half  surrounded  by  metal,  the  reduc- 
tion of  the  temperature  of  the  metals  to  the  temperature  of  the 
surrounding  metal  by  the  process  of  conduction  will  take  place 
very  rapidly.  Thus  if,  just  after  the  contact  is  broken,  the  heat 
has  spread  through  a  portion  of  the  lead  (approxinuxtely  hemi- 
spherical) to  a  depth  d,  say,  then  before  the  contact  is  again 
made  the  heat  derived  from  tlie  previous  contact  will  have 
spread  to  a  depth  ^^2  .  d^  and  will  occupy  a  space  approximately 
2  ^^2  times  that  which  it  occupied  when  the  last  contact  was 
broken.     Consequently  the  increment  of  temperature  ])roduccd 

by  the  previous  contact  will  be  diminished  to  — -^  of  its  former 

amount. 

In  the  same  manner  the  increment  of  tcinp(>rature  gained  by 
the  last  contact  but  one  will  be  diminislud  to  about  one  eighth 
of  its  former  amount.  Only  a  very  few  of  the  j)rcvious  contacts 
will  therefore  liave  any  aj)j)reciable  effiet  in  causing  the  tempe- 
ratures of  the  two  melal'5  at  their  points  of  contact  to  ditfer  by  a 
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smaller  amount  than  the  temperatures  of  the  general  masses  of 
the  two  metals.  A  difFerence  then  of  50°  or  100"  in  the  tempe- 
ratures of  the  two  metals  will  probably  be  quite  sufficient  to  pro- 
duce the  vibrations  in  question. 

It  has  ah-ead}'  been  seen  that  the  larger  the  areas  in  contact, 
the  greater  the  proportion  of  heat  available  for  raising  the  block. 
For  this  reason  large  areas  in  contact  are  advantageous  for  the 
production  of  vibrations.  But^  on  the  other  hand^  the  larger 
the  areas  in  contact,  the  more  slowly  will  the  two  metals  tend  to 
regain  their  original  difFerence  of  temperature  during  the  intervals 
when  they  are  not  in  contact;  and  for  this  reason  large  areas  in 
contact  a<-e  disadvantageous  for  the  production  of  vibrations. 
There  will  therefore  be  a  certain  magnitude  for  the  area  in  con- 
tact which  will  give  stronger  vibrations  than  either  larger  or 
smaller  areas.     This  conclusion  is  borne  out  by  experiment. 

I  have  pointed  out  that  when  the  hot  and  cold  metals  are  of 
the  same  material  there  will  in  general  be  no  vibration,  because 
the  contraction  of  the  Jiot  metal  will  exactly  compensate  for  ex- 
pansion of  the  cold  metal.  This,  as  a  result  of  his  experiments, 
Forbes  has  stated  to  be  a  general  law.  There  is,  however,  an 
exception  to  this  law,  first  noticed  and  explained  by  Professor 
Tyndall,  to  w^iieh  I  should  refer.  He  found  that  when  the  hot 
rocker  rests  upon  the  edges  of  thin  sheets  or  upon  points  of  the 
same  metal  as  itself,  vibrations  will  often  occur.  The  explana- 
tion is  to  be  found  in  the  fact  that,  while  a  lateral  flow  of  heat 
out  of  the  hot  metal  takes  place,  the  lateral  flow  of  heat  into 
the  cold  metal  is  partially  prevented. 

Another  general  result  which  Forbes  deduced  from  his  expe- 
riments is,  that  "  the  vibrations  take  place  with  an  intensity  pro- 
portional (within  certain  limits)  to  the  difference  of  the  condact- 
ing-powers  of  the  metals  for  heat,  the  metal  having  the  least 
conducting-power  being  necessarily  the  coldest."  Now,  if  the 
various  metals  differed  from  one  another  only  as  regards  their 
conductivities  this  law  would  be  strictly  true ;  for  in  this  case 
the  possibility  of  vibration  could  only  arise  from  the  lateral  flow 
of  heat  out  of  the  hot  metal  being  greater  than  the  lateral  flow 
into  the  cold  metal,  and  this  would  only  be  the  case  when  the  hot 
metal  was  the  better  conductor  of  heat.  But  in  any  case  the 
lateral  flow  of  heat  has  an  important  influence  upon  the  vibra- 
tions ;  and  consequently  the  above  law  will  be  approximately  true. 

If,  however,  the  lateral  flow  of  heat  into  the  cold  metal  be  pre- 
vented by  making  the  rocker  rest  upon  thin  sheets  or  points  of 
cold  metal,  this  law  will  altogether  fail.  The  experiments  of 
Tyndall  prove  that  this  is  the  case. 

Leeds  Grammar  Scliool, 
March  (\,  187.'3. 
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January  16,  1873.— T.  Archer  Hirst,  Ph.D.,  Vice-President,  in 
the  Chair. 

T^HE  following  commiinicatiou  was  read : — 
■'■      "Additional  Xote  to  the  Paper  '  On  a  supposed  Alteration  in 
the  Amount  of  Astronomical  Aberration  of  Light  produced  by  the 
Passage  of  the  Light  through  a  considerable  thickness  of  Eefracting 
Medium.'  "     By  the  President. 

Some  months  since  I  communicated  to  the  Eoyal  Society*  the 
result  of  observations  on  y  Draconis  made  ^ith  the  water-telescope 
of  the  Eoyal  Observatory  (constructed  expressly  for  testing  the 
equality  of  the  coefficient  of  sidereal  aberration,  whether  the  tube 
of  a  telescope  be  filled  \vith.  air,  as  usual,  or  with  water)  in  the 
spring  and  autumn  of  1871.  Similar  observations  have  been 
made  in  the  spring  and  autumn  of  1872,  and  I  now  place  before 
the  Society  the  collected  results.  It  Mill  be  remembered,  from 
the  explanation  in  the  former  paper,  that  the  uniformity  of  re- 
sults for  the  latitude  of  station  necessarily  proves  the  correctness 
of  the  coefficient  of  aberration  employed  in  the  Nautical  Almanac. 

Apixwent  Latitude  of  Station. 

1871.  Spring  51  28  34-4 

Autumn    51  28  33-G 

1872.  Spring   51  28  33-6 

Autumn    51  28  33-8 

I  now  propose,  when  the  risk  of  frost  shall  liave  passed 
away,  to  reverify  the  scale  of  the  micrometer,  and  then  to  dismount 
the  instrument. 

Jan.  23.— T.  Ardicr  Hirst,  Ph.D.,  Vice-President,  in  the  Chair. 

The  following  coininunicaiion  Mas  read: — 

"IS'oto  oil  llic  W'id  -slit  JMctliod  of  Aicwiug  Iho  Solar  Promi- 
nenccH."     Jiy  William  Jliiggiiis,  JJ.C.I;.,  li.L.JX,  J-'.H.S. 

When  editing  Ihi^  English  translation  of  Sclicllcn's  '  S])(H'trnm 
Analysis,'  I  discovered  that  tlic  short  account  of  tiie  mctliod  of 
viewing  the  forms  of  the  solar  prominences  by  means  of  a  w  ide 
slit,  wliich  I  liad  the  honour  of  presenting  to  the  ]{oyal  Society 
on  J''el)niary  18,  IHfiiJf,  does  not  agree  exactly  in  one  respect 
with  tlie  account  of  the  observation  of  February  l.'J  as  it  was 
entered  at  the  time  in  my  observatory  book.     The  short  note  was 

•  riiil.  Mn^.  vol.  xliii.  p.  .TIO. 

t  riiil.  Mug.  S.  4,  vol.  x.xxviii   p.  0'^. 
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Avrltteu  at  tlie  suggestion  of  a  frieud  during  a  Committee  held  in 
the  Eoyal  Society's  Apartments,  and,  as  the  concluding  words 
show,  was  intended  to  be  followed  by  a  more  detailed  account 
of  the  method  of  observation.  The  point  in  question  relates  to 
the  position  of  a  second  slit  which  was  used  to  screen  the  ej^e 
from  every  part  of  the  spectrum  except  that  under  observation. 
The  M-ords  in  my  book  written  at  the  time  are,  "  narrow  slit  found 
to  be  best  at  focus  of  little  telescope  wAth.  positive  eyepiece."  In 
the  note  the  second  slit  was  stated  to  have  been  placed  before 
the  object-glass  of  the  little  telescope.  Such  an  arrangement  was 
tried  in  connexion  ^^•ith  some  other  experiments  in  progress  at 
the  time.  The  plan  of  limiting  the  field  of  new  to  the  part  of 
the  spectrum  corresponding  to  the  refrangibihty  of  the  light  of 
the  prominence,  as  well  as  the  emplo\"ment  of  a  ruby  glass,  is  of 
value  when  the  air  is  not  fa^■ourable,  or  when  a  spectroscope  of 
small  dispersive  power  is  used. 

Jan.  30. — George  Busk,  Esq.,  A^ice-Presideut,  in  the  Chair. 

The  follo^^-ing  communication  was  read : — 

"  On  Just  Intonation  in  Music  ;  ^^ith  a  description  of  a  new 
Instrument  for  the  easy  control  of  all  Systems  of  Tuning  other 
than  the  ordinary  equal  Temperament  of  twelve  diusions  in  the 
Octave."  By  E.*H.  M.  Bosanquet,  FeUow  of  St.  John's  College, 
Oxford. 

The  object  of  this  communication  is  to  place  the  impro\ed  systems 
of  tuning  within  the  reach  of  ordinary  musicians ;  for  this  pur- 
pose the  theory  and  practice  are  reduced  to  their  simplest  forms. 

A  notation  is  described,  adapted  to  use  with  ordinary  -^Titten 
music,  by  which  the  notes  to  be  performed  are  clearly  distin- 
guished. 

The  design  of  a  key-board  is  described,  by  which  any  system  of 
tuning,  except  the  ordinary  equal  temperament,  can  be  controlled, 
if  only  the  fifths  of  the  system  be  all  equal.  The  design  is 
on  a  s^nnmetrical  principle  ;  so  that  all  passages  and  combinations 
of  notes  are  performed  with  the  same  handling,  in  whatever  key 
they  occur. 

The  theory  of  the  construction  of  scales  is  then  developed; 
and  a  diagram  is  given,  from  which  the  characteristics  of  any  re- 
quired system  can  be  ascertained  by  inspection. 

An  account  is  then  given  of  the  application  of  such  systems 
to  the  now  key-board,  and  particularly  of  an  harmonium  ■which 
has  been  constructed  and  contains  at  present  the  division  of 
the  octave  into  fifty-three  equal  intervals  in  a  complete  form. 
Kulcs  for  tuning  are  given. 

I'inally,  the  application  of  the  system  of  fifty-threo  to  «the 
violin  is  discussed. 

Throughout,  the  work  of  former  labourers  in  the  same  field 
is  review  ed :  the  obligations  of  the  writer  are  due  to  llelmholtz, 
the  late  General  T.  Perronet  Thompson,  F.li.S.,  and  others, 

X3 
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Feb,  13. — Eear-Admiral  Eichards,  C.B.,  Vice-President,  in  tlie 

Chair. 

The  follo\^ing  communicatiou  ^as  read : — • 

" On  a  new  Kelation  between  Heat  and  Electricity."  By  Fre- 
derick Guthrie. 

It  is  found  that  the  reaction  between  an  electrified  body  and  a 
neighbouring  neutral  one,  whereby  the  electricity  in  the  neutral 
body  is  inductively  decomposed  and  attraction  produced,  undergoes 
a  modification  \^"hen  the  neutral  body  is  considerably  heated. 

Under  many  circumstances  it  is  found  that  the  electrified 
body  is  rapidly  and  completely  discharged.  The  action  of  dis- 
charge is  shown  to  depend  mainly  upon  the  following  conditions  : — 
(1)  the  temperature  of  the  discharging  body,  and  its  distance  from 
the  electrified  one ;  (2)  the  nature  ( +  or  — )  of  the  latter's 
electricity. 

"With  regard  to  (1),  it  is  shown  that  the  discharging  power  of  a 
hot  body  diminishes  as  its  distance  increases,  and  increases  ^\ith  its 
temperature ;  but,  concerning  the  temperature,  it  is  proved  that 
the  discharging  power  of  a  hot  body  does  not  depend  upon  the 
quantity  of  heat  radiated  from  it  to  the  electrified  body,  but  chiefly 
upon  its  quaUty.  Thus  a  white-hot  platinum  Mire  connected  Miih 
the  earth  may  exercise  an  indefinitely  greater  discharging  power, 
at  the  same  distance,  than  a  large  mass  of  iron  at  lUO"^  C,  though 
the  latter  may  impart  more  heat  to  the  electrified  body. 

Neither  the  inere  reception  of  heat,  however  intense,  by  the 
electrified  body,  unless  the  latter  have  such  small  capacity  as  to 
be  itself  intensely  heated,  tlischarges  the  electricity  if  the  source 
of  heat  be  distant ;  nor  is  discharge  effected  wlien  the  electrilied 
body  and  a  neighbouring  cold  one  are  surrounded  by  air  through 
which  intense  heat  is  passing.  But,  for  the  discharge,  it  is 
necessary  that  heat  of  intensity  pass  to  the  electrified  body  from 
a  neutral  body,  within  inductive  rang(\ 

White-  anil  red-hot  metallic  neutral  bodies  exercise  this  dis- 
charging power  even  when  isolated  from  the  earth,  but  always 
with  less  facility  than  when  earl  h-coiniectt'd. 

The  hotter  tin;  discliarging  body,  whether  isolated  or  eartli- 
roiUKK'ted,  tlie  n)ore  nearly  aUke  do  +  or  —  electricities  lu^have  in 
being  discliarged  ;  but  at  certain  temperatures  dislini-t  differences 
are  noticed.  Tin;  —  electricity,  in  all  cases  of  diffi'renc(>,  is 
discharged  witli  greater  facihty  than  the  -f . 

Att<'iiiptn  are  made  to  measure  lh<!  critical  temperalures  at 
which  eart.h-connect(?d  hot  iron  ( I)  discharges  +  and  —  electricity 
with  nearly  the  same  facility,  (2)  begins,  as  it  cools,  to  show  a 
preferential  ])ower  of  discharging  — ,  and  (3)  ceases  to  discharge 
— ,  The  temp(Tature8  so  obtained  an;  measured  by  the  number 
of  heat-units,  measured  from  0°  C'.,  in  L  gram  of  iron  of  tho 
respective  tempeniture,  represented  by  tho  value  of  liio  expression 
Fe  ii«. 

It  if)  ahown  that   various  flames,   both   earth-connected  and 
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isolated,  have  an  exceedingly  great  power  of  discharging  both  lands 
of  electricity. 

The  effects  in  regard  to  discharge  are  sho\\-n  to  be  similar  when 
platinum  ^^ire,  rendered  hot  by  a  galvanic  current,  is  used,  and  also 
Avhen  the  condensed  electricity  of  a  Leyden  jar  is  experimented  on. 

As  hot  iron  shows  a  preferential  power  of  discharging  —  over 
-f  electricity,  so  it  is  found  that  white-hot  but  isolated  iron 
refuses  to  be  charged  either  with  +  or  —  electricity.  As  the 
iron  cools,  it  acquires  first  the  power  of  receiving  — ,  and  afterwards 
of  receiving  +•  Further,  ^hile  white-hot  iron  in  contact  with 
an  electrified  body  prevents  that  body  from  retaining  a  charge  of 
either  kind  of  electricity,  as  it  cools  it  permits  a  -|-  charge  to  be 
received,  and  subsequently  a  —  one. 

A  suggestion  is  made  as  to  the  existence  of  an  electrical 
coercitive  force,  the  presence  of  which  together  with  its  diminu- 
tion by  heat  -would  explain  much  of  what  has  been  described. 

Feb.  20. — Kear-A  dmii-al  Eichards,  C,B.,  Vice-President, 
in  the  Chair. 

The  following  communication  "VAas  read  : — 

"  On  a  new  Locality  of  Amblygouite,  and  on  Montehrasite,  a 
new  Hydrated  Aluminium  and  Lithium  Phosphate.''  By  A.  0. 
Des  Cloizeaux. 

A  mineral  found  in  18G2  at  Hebron,  Maine,  U.  S.  A.,  after  a 
mere  tentative  examination  by  Professor  Brush,  who  annoimced 
the  presence  in  it  of  lithia  in  considerable  quantit}',  resembled  the 
amhlygonite  of  Penig  so  closely  as  to  lead  to  its  being  looked  on 
as  amhlygonite.  The  crystalline  system  and  birefringent  optical 
characters  of  this  mineral  vi-ere  determined  by  the  author  in  18(J3, 
In  1870  a  mineral  found  in  the  tin  vein  of  Montebras  (Creuse), 
though  resembling  the  amblvgonite  of  Hebron,  appeared  to  the 
author  to  differ  from  it  so  far  as  to  justify  liis  designation  of  it 
imder  the  name  of  Montehrasite.  ToxAards  the  close  of  1871 
he  received  another  specimen  from  Montebras,  which  presented  all 
the  characters  of  the  American  amblygouite,  and  wliich  conse- 
quently was  easily  distuiguished  from  the  montehrasite.  Subse- 
quently, analyses  by  Pisani,  v.  Kobell,  and  llammelsberg,  and 
optical  observations  by  the  author,  proved  the  identity  of  the 
montehrasite  of  Montebras  \\it\\  the  amhlygonite  from  Penig. 
But  this  is  not  the  case  with  tlie  amblygouite  from  Hebron,  nor 
■with  that  from  Montebras,  A\liich  had  been  analyzed  by  Pisani. 
These  differ  from  the  amblygonites  of  Saxony  and  Montebras  (\\hich 
last  he  had  previously  named  montehrasite)  by  the  absence  of 
soda,  by  the  preponderance  of  litlua,  and  the  presence  af  a  notable 
amount  of  water,  while  at  the  same  time  they  contain  almost  equal 
proportions  of  phosphoric  acid  and  alumina. 

The  differences  which  these  two  minerals  present  in  their 
physical  and  chemical  chai*acters  are  suilieiently  decided  to  com- 
pel our  treating  them  as  distinct  species.    The  name  amhlygonite 
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sHould  be  retamed  for  the  sodolithic  species  first  discovered  at 
Peuig  by  Breithaupt ;  and  the  white  or  violet-tiiited  lamellar  masses 
abuudant  at  Moutebras  will  be  included  under  it ;  the  hydrated 
and  entirely  Lit  hie  species,  compiisiug  the  laminar  specimens  and 
the  crystals  from  Maine,  as  well  as  some  greenish  masses  from 
Moutebras,  should  be  embraced  under  the  name  montebrasite. 

The  amblygonite  of  Moutebras  has  only  been  met  with  in 
laminar  masses  with  a  faint  tinge  of  violet.  These  masses  exhibit 
two  cleavages  presenting  nearly  the  same  degree  of  facihty, 
making  -ndth  one  another  an  angle  of  105°  44'.  Close  observation 
shows  that  the  sharpness  of  the  reflected  images  is  generally  a 
little  greater  on  one  of  the  cleavages  than  ou  the  other ;  and 
this  induces  one  to  suppose  that  they  do  not  both  belong  to  equivalent 
crystallographic  planes.  The  study  of  some  of  their  optical  pro- 
perties, though  presenting  certain  special  difliculties,  arising  from 
the  small  extent  of  the  transparent  portions  and  the  presence  of 
numerous  t\^-in  plates,  even  in  the  specimens  that  to  all  appearance 
are  the  most  homogeneous,  has  proved  that  the  laminar  masses  of 
montebrasite  must  be  referred  to  the  triclinic  system.  The  optic 
axes  are  situated  in  a  plane  wliich  divides  into  two  very  miequal 
parts  the  acute  angle  of  74°  IG'  of  the  two  cleavages.  This 
direction  is  entirely  different  from  that  found  for  montebrasite  of 
Hebron  and  of  Moutebras,  in  which  the  plane  of  the  axes  lies  iu 
the  obtuse  angle  of  105°  formed  by  the  t\\o  principal  cleavages. 

The  appearance  of  the  bars  traversing  the  central  ring  of  each 
system  iudicates  very  distinctly  a  twisted  dispersion,  as  well  as  a 
small  amount  of  inclined  disjx'rsion,  w  liich  is  characteristic  of  a 
crystal  belonging  to  the  triclinic  system. 

In  November  1871  the  author  received  a  specimen  from  the 
middle  of  a  mass  of  amblygonite  from  Moutebras  resembling 
the  mineral  from  Hebron.  It  has  three  principal  cleavages,  ^), 
?»,  t,  wliich  tho  author  recognized  in  the  mass  from  llebron, 
iho  angles  between  whicli  are  ^^  7U  =  105°,  j»<=135°  to  13G°, 
p  <  =  80°  to  80°  15'. 

By  means  of  artificial  t\\  ins  formed  of  t\\  o  plates,  each  of  ^\  hich 
had  been  worlied  perpendicular  to  the  two  cleavages  j)  and  in,  and 
which  were  united  by  tlieir  faces  ]>,  it  appeared  that  the  plane  of 
the  optic  axes  is  situated  iu  the  obtuse  angle  }>  in,  and  traversos 

the  edge  i^,  but  that  it  is  not  quite  normal  to  m,  since  it  gives 

anglcB  of  about  82*^  wifh  m  and  2ir  with  yn  The  cliaracter  of  llio 
coloured  rings  shows  thai  in  monlebrasitt!  of  Monlel»raH,  as  in  that 
from  Hebron,  Wwm  coexists  with  the  horizontal  a  well-marked 
inclined  disjjersiou ;  and  these  are  [)eculiar  to  crystals  of  the 
triclinic  system. 
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Analyses  hy  M.  Pisani. 

Hebron.  Montebras. 

Fluorine 5-22  3-80 

Phosphoric  acid 40-65  47*15 

Ahimiua 36-00  36-90 

Lithia 9-75  9-84 

Water    4-20  4-75 


101-82  102-44 

Specific  gravity  ....       3-03,  Pisaui.  3-01,  Pisaui. 

2-99,  Damour.  2*977,  Damour. 

"Wavellite,  in  the  form  of  thin  coatiugs,  forms  a  layer  over 
almost  all  the  fissures  that  occur  in  the  amblygonite  of  Montebras. 
In  cavities  in  these  coatings  are  found  long  thin  needles,  which 
have  enabled  the  author  to  correct  the  older  measurements  of  this 
mineral. 

M.  Pisani  has  ascertained  that  the  Aariety  from  Montebras 
)ields  : — 

Fluorine 2-27 

Phosphoric  acid 34-30 

Alumina 38-25 

Water 26-60 

101-42 
Specific  gravity 2-33 
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[Continued  from  p.  235.] 
November  G,  1872.— Prof.  Pamsay,  F.R.S.,  Y.T.,  in  the  Chair. 

The  foUowing  communications  were  read : — 

1.  "  A  Report  by  F.  T.  Grcjory,  Esq.,  Mining-land  Commissioner 
in  Queensland,  on  the  recent  discoveries  of  Tin-ore  in  that  Colony." 

According  to  this  report,  the  district  in  Queensland  in  which  tin- 
ore  has  l)ecn  discovered  is  situated  about  the  head-waters  of  the 
Severn  river  and  its  tributaries,  comprising  an  area  of  about  550 
square  miles.  The  district  is  described  as  an  elevated  graiiitic 
tableland  intersected  by  ranges  of  abrupt  hiUs,  some  attaining  au 
elevation  of  about  3000  feet  above  the  sea.  The  richest  deposits 
are  found  in  the  beds  of  the  streams  and  in  alluvial  flats  on  their 
banks,  the  payable  ground  varj-ing  from  a  few  yards  to  five  chains 
in  extent.  The  aggregate  length  of  these  alluvial  bands  is  esti- 
mated at  about  170  miles  ;  the  average  yield  per  linear  chain  of  the 
stream-beds  at  about  ten  tons  of  ore  (cassiterite). 

Numerous  small  stanniferous  lodes  have  been  discovered,  but  only 
two  of  much  importance — namely,  one  near  13a) 'andean  Head  Station 
on  the  Severn,  and  another  in  a  reef  of  red  granite  rising  in. the 
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midst  of  motamoipliic  slates  and  sandstones  at  a  distance  of  about 
six  miles.  The  lodes  run  in  parallel  lines  bearing  about  X.  50°  E. ; 
and  one  of  them  cau  be  traced  for  a  distance  of  nine  or  ten  miles.  The 
ore,  according  to  ^Ir.  Gregory  and  Mr.  D'Oyly  Aplin,  is  always  asso- 
ciated with  red  granite — i.  c.  "  the  felspar  a  pink  or  red  orthoclase, 
and  the  mica  generally  black  ;  but  when  crystals  of  tin-ore  arc  found 
in  sitK,  the  mica  is  white.*'  The  crystals  of  tin-ore  are  generally 
found  in  and  along  the  margins  of  quartz  threads  or  veins  in  bands 
of  loosely  aggregated  granitoid  rock,  but  are  sometimes  imbedded 
in  the  micaceous  portions.  The  report  concludes  with  some  state- 
ments as  to  the  present  condition  and  prospects  of  the  district  as 
regards  its  population. 

2.  "  Observations  on  some  of  the  recent  Tin-ore  Discoveries  in 
New  England,  JS^cw  South  Wales."      By   G.  H.   F.   Ulrich,   Esq. 

r.G.s. 

The  district  referred  to  by  the  author  is  in  the  most  northern  part 
of  the  colony  of  New  South  "Wales,  almost  immediately  adjoining 
the  tin-region  of  Queensland  described  in  the  preceding  report.  It 
forms  a  hilly  elevated  plateau,  having  Ben  Lomond  for  its  highest 
point,  nearly  4000  feet  above  the  sea-level.  The  predominant  rocks 
are  granite  and  basalt,  enclosing  subordinate  areas  composed  of 
metamorphic  slates  and  sandstones  ;  the  basalt  has  generally  broken 
through  the  highest  crests  and  points  of  the  ranges,  and  spread  in 
extensive  streams  over  the  country  at  the  foot. 

The  workings  of  the  Elsmore  Compan)-,  situated  on  the  north- 
west side  of  the  Macintyre  river,  about  twelve  miles  E.  of  the  town- 
ship of  Inverell,  include  a  granite  range  about  2o0  feet  in  height 
and  nearly  two  miles  in  length.  The  granite  of  the  range  is  micaceous, 
with  crystals  of  white  orthoclase,  and  is  traversed  by  quartz-veins 
which  contain  cassiteritc  in  fine  druses,  seams,  and  scattered  crystals, 
and  by  dykes  of  a  softer  granite,  consisting  chietly  of  mica,  and  with 
scarcely  any  quartz,  in  which  cassiterite  is  distributed  in  crystals, 
nests,  and  bunches,  and  also  in  irregular  veins  several  inches 
in  thickness.  This  granite  yields  lumps  of  pure  ore  up  to  at  least 
fji)  lbs.  iu  weight.  The  quartz-veins  contain  micaceous  portions 
which  resemble  the  "  Greisen  "  of  the  Saxon  tin-mines.  The  deepest 
shaft  sunk  in  one  of  the  quartz-veins  was  about  liO  feet  in  depth. 
'J'hc  autlior  noticed  certain  minerals  found  in  association  with  the 
tin-ore,  and  the  peculiarities  of  the  crystalline  forms  presented  by 
the  latter. 

The  drift  is  very  rich,  and  consists  of  a  generally  distiibuted 
recent  granitic  detritus,  from  0  in.  to  2  ft.  thick,  and  of  an  older 
drift  (prohal)]y  I'liocene)  ca]iiting  the  to])  of  the  r;iiige,  and  probably 
dii)ping  bi'ueath  the  adjoining  basalt.  Tlic  washing  of  the  granitic 
detritus  gives  from  ;{  ozs.  to  more  than  2  lbs.  of  ore  jier  dish  (of 
about  20  lbs.).  The  older  drift  is  rather  poor  in  tin  to  within  about 
u  foot  of  the  bottom  ;  but  the  bottom  layer  is  iu  part  very  rich,  some 
luiving  yielded  as  much  as  (ilbs.  of  ore  per  dish. 

The  author  also  described  tlie  Ulcn  Creek,  obout  40  miles  north 
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of  the  Elsmorc  mine,  from  the  surface-deposits  of  -which  tin-ore  has 
hcen  obtained  by  washing.  The  course  of  the  creek  is  mostly  through 
a  black,  hard  slate  destitute  of  fossils ;  but  at  one  part,  for  about 
10  chains,  its  bed  consists  of  a  fiue-grained  hard  granite,  •with 
numerous  veins  of  arsenical  and  copper  pyrites,  and  one  solid  vein  of 
tin-ore,  about  |  in.  in  tliickncss,  all  of  which  pass  from  the  granite 
into  the  slate  without  any  interruption  or  change,  the  passage  from 
one  rock  into  the  other  being  also  gradual. 

The  chief  imderlying  rock  of  the  district  is  a  black  slate ;  but 
dispersed  through  it  are  small  outcrops  of  a  rather  coarse-grained 
micaceous  granite,  close  to  one  of  which  several  veins  of  solid  tin- 
ore,  from  1  to  4  inches  thick,  have  been  foimd  traversing  the  slate 
rock.  The  tin-ore  disseminated  through  the  surface-deposits  has 
been  derived  from  these  veins  and  from  a  very  hard  and  tough 
greenstone  (diabase),  which  occurs  in  large  d}kes  and  patches  in 
various  places,  and  is  probably  younger  than  the  granite. 

In  conclusion  the  author  referred  to  the  probability  that  a  defi- 
ciency of  Avater  may  prove  a  great  obstacle  to  the  full  development 
of  the  tin-mining  industry  in  this  district,  but  stated  that  '•  it  seems 
not  unlikely  that  the  production  of  tin-ore  from  this  part  of  Austraha 
will  reach,  if  not  surpass,  that  of  all  the  old  tin-mining  countries 
combined." 

3.  "  On  the  included  Eock-fragments  of  the  Cambridge  Upper 
Greensand."     By  "\S'.  Johnson  Sollas  and  A.  J.  Jukes-Browne. 

The  occurrence  of  numerous  subangular  fragments  in  the  fpper 
Greensand  formation  was  so  far  remarkable  that  it  had  already 
attracted  the  notice  of  two  previous  observers  (ilr.  Bonney  and 
Mr.  Seeley),  who  had  both  brictly  hinted  at  the  agency  of  ice.  While 
ignorant  of  the  suggestions  of  these  gentlemen,  the  authors  of  this 
paper  had  been  forced  to  the  same  conclusion,  A  descriptive  list 
had  been  prepared  of  the  most  remarkable  of  the  included  fragments. 
The  infallible  signs  of  the  Upper  Greensand  origin  consisted  in. 
incrustations  of  FUcatula  signhon,  Ostrea  vesiculosa,  and  •*'  t'opro- 
lite,"  without  which,  it  was  staterl.  the  boulders  would  be  unilistin- 
guishable  from  those  of  the  overlying  drift.  The  following  gene- 
ralizations Avere  then  put  forword  : — 

1.  The  stones  are  mostly  subangular;  some  consist  of  friable 
sandstones  and  shales,  which  could  not  have  borne  even  a  brief 
journey  over  the  ocean-bed. 

2.  3Iany  are  of  large  size,  especially  when  compared  with  the 
fine  silt  in  which  they  were  imbedded  ;  the  stones  and  silt  could 
not  have  been  borne  along  by  the  same  marine  current. 

3.  The  stones  are  of  various  lithological  characters,  and  might  be 
referred  to  granitic,  schistose,  vulcanic  and  sedimentary  rocks,  pro- 
bably of  Silurian,  Old  Ked  Sandstone,  and  Carboniferous  age. 

Such  strata  are  not  found  in  situ  in  the  neighbourhood;  and  the 
blocks  must  have  come  from  Scotland  or  "Wales.  Xumerous  argu- 
ments were  adduced  in  favour  of  their  Scottish  derivation. 

The  above  considerations,  that  numerous  rock-fragmentSj  some  of 
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which  are  very  friable,  have  been  brought  from  various  localities 
and  yet  retain  their  angularity,  "n^ere  thought  sufficient  evidence  for 
their  trausportation  by  ice.  The  majority  showed  no  ice-scratches; 
but  the  small  proportion  of  scratched  stones  in  the  moraine  matter 
borne  away  on  an  iceberg,  and  the  small  percentage  of  ice-scratched 
boulders  in  many  deposits  of  glacial  drift,  show  that  the  absence 
of  these  striaj  is  not  iuconsisteut  with  the  glacial  origin  of  the  in- 
cluded fragments.  Besides  this,  the  stones  of  the  Greensand  con- 
sisted of  rock  from  which  ice-marks  would  readily  have  been  re- 
moved by  the  action  of  water.  The  authors  stated,  however,  that 
they  had  found  more  positive  evidence  in  a  stone  which  was  unmis- 
takably ice-scratched,  consisting  of  a  siliceous  limestoue,  and  pre- 
served in  the  Woodwardiau  Museum.  The  fauua,  so  far  as  it  proved 
any  thing,  suggested  a  cold  climate ;  though  abundant,  the  species 
were  dwarfed,  in  striking  contrast  to  those  of  the  Greensand  of 
Southern  England  and  the  fauna  of  the  succeeding  Chalk.  Tho 
authors  concluded  that  a  tongue  of  land  separated  the  Upper-Grcen- 
sand  sea  into  two  basins,  the  northern  of  which  received  icebergs  from 
the  Scottish-Scandinavian  chain  ;  the  climate  of  tliis  was  cold,  that  of 
the  southern  basin  much  warmer. 


XL.  Intelligence  and  Miscellaneous  Articles. 

ON  THE  ELECTRICAL  RESISTANCE  OF  METALS.    .  BY  M.  BENOIST. 

"1 T  has  long  been  known  that  the  electrical  resistance  of  metals 
■*-  increases  as  their  temperature  rises.  This  increase  has  been 
measured  up  to  100°  by  M.  Becquerel  and  by  Matthiessen,  and  to 
200°  in  some  metals  by  M.  Leuz  and,  more  recently,  by  M. 
Arndtsen.  I  proposed  to  myself:  to  trace  the  variation  beyond 
these  limits,  and  to  determine  the  increment  of  specific  resistance 
at  very  high  temperatures. 

Calimg  K  the  specific  resistance  of  a  metal  (that  is  to  say,  its  re- 
sistance in  unit  length  and  uiut  section),  the  resistance  of  a  m  ire  of 
the  same  metal  of  length  I  and  section  s  is,  according  to  Davy's  law  s, 

8 

or,  substituting  for  s  its  value  as  a  function  of  the  volume  V, 
weight  r,  and  density  D,  of  the  wire, 

^^— V jT- 

If  1),  1',  and  I  are  known,  and  it  Ji  at  f  be  determined,  the  value 
of  the  Hpeciiic  resistanco  at  that  temperature  can  be  deduced  from 
tho  last  relation. 

To  measure?  K,  I  have  chiijfly  employed  tho  different  ial-galvano- 
metor  method  of  I^f.  Becquerel.  Tho  current  from  two  DanicH's 
elcmf'uts  was  dividnl  inio  \\\o  equal  ])ar(s,  which  jmssfd,  in  ojipo- 
sitc  directions,  througli  the  two  wires  of  a  very  delicate  dilTerential- 
galvanometcr.    The  \\  ire  to  be  studied  was  Intercalated  in  one  of  tho 
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circuits,  in  the  other  a  length  of  the  wire  of  a  rheostat,  of  which 
the  resistance  was  equivalent  when  the  needle  was  at  zero.  The 
resistances  R,  R',  .  .  .  .  of  different  wires  submitted  to  experiment 
Avere  proportional  to  the  lengths  1,1',....  of  rheostat-Awe  which 
had  served  to  measure  them  ;  and  in  order  to  express  them  as 
functions  of  a  glxen  uuit,  it  ^as  sufficient  if  the  ratio  of  the  rheo- 
stat-wire itself  to  this  unit  had  been  determined  once  for  all.  The 
rheostat  consisted  simi)ly  of  two  identical,  very  regular  platinum 
wires,  stretched  parallel  on  a  horizontal  rule  of  two  metres  length. 
These  wires  traA'ersed  a  cork  cup  containing  mercury,  carried  by  a 
cursor  movable  along  the  rule.  The  current,  arri\iug  through 
the  first  wire,  traversed  the  mercury  and  issued  through  the  second 
wire.  On  the  rule  was  a  scale  of  millimetres ;  and  shifting  the 
cursor  n  di>isions  increased  or  dimuiished  the  length  of  the  circuit 
the  value  of  2n.  I  shall  not  dwell  upon  the  details,  which  per- 
mitted great  precision  to  be  attained,  nor  on  the  verifications  which 
I  made  of  the  method  and  of  the  apparatus. 

The  wire  under  examiuation  was  soldered  at  each  end  to  a  copper 
rod,  then  wrapped  round  a  cylinder  of  pipe-clay,  and,  finally, 
heated  in  a  narrow  and  deep  mufile  ^hich  occupied  the  axis  of  a 
large  wrought-iron  jar.  This  was  placed  in  a  gas-stove  Mith  t\AO 
concentric  envelopes ;  by  introducing  a  suitable  volatilizable  sub- 
stance, and  heating  to  ebullition,  the  whole  apparatus,  and  conse- 
quently the  \^ire,  was  brought  to  a  fixed  and  known  temperature. 

By  determining  thus  the  resistances  of  one  and  the  same  metal 
at  various  kno^^'n  temperatures,  a  number  of  points  are  obtained, 
from  wliich  the  curve  of  the  resistances  can  be  constructed  and  its 
elements  calculated. 

The  follo\^ing  are  the  temperatures  which  served  for  my  deter- 
minations : — 

o  o 

Ebullition  of  water  .     100         Ebulhtion  of  sulphur  .     440 
„  mercury   3(50  „  cadmium      8G0 

I  made,  besides,  a  great  number  of  measurements  below  3G0°, 
the  apparatus  being  filled  ^ith  mercury  and  heated  by  a  regular 
current  of  gas ;  the  temperature  was  indicated  by  thennometers 
placed  in  the  mufile  at  different  depths. 

The  results  obtained  by  the  preceding  method  were  controlled 
and  confirmed  by  determinations  with  AVHieat stone's  bridge,  with 
the  aid  of  a  set  of  resistances  similar  to  those  employed  in  telegraphy. 

The  results  are  summed  up  iai  the  Tables  which  follow. 

In  the  first  the  conductivities  at  zero  are  expressed  as  functions 
of  the  two  units  wliich  are  now-a-days  usually  employed: — the 
theoretic  absolute  luiit,  or  oJun,  proposed  by  the  British  Associar- 
tion ;  and  the  mercury  unit,  adopted  by  M.  AVerner  Siemens.  The 
tliird  column  gives  the  ratios  of  the  conductivities  to  that  of  silver, 
in  order  that  the  results  may  be  compared  with  the  well-known  co- 
efficients of  M]Nr.  Becquerel,  Leuz,  IMatthiessen,  &c. 

The  second  Table  gives  the  fonuula)  of  the  increment  of  the  re- 
sistance with  the  temperature.     This  takes  place  regularly  up  to 
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the  meltiug-poiut,  following  the  ordinates  of  a  curve  the  abscissae 
of  which  represeut  the  correspoudiBg  temperatures,  aud  which 
generally  differs  very  Uttle  from  a  right  line.  Comparing  the  re- 
sistances to  the  resistance  at  zero,  they  can  be  expressed  by  a  for- 
mula of  the  form 

E;=E,(l  +  «<  +  ?.0- 

The  constants  a  and  h  were  calculated  by  the  method  of  least 
squares,  which  makes  all  the  observations  cooperate  for  the  deter- 
mination of  the  most  probable  values  of  the  unknown  quantities. 

The  increment  varies  from  one  metal  to  another.  In  steel  and 
in  iron  the  initial  resistance  is  doubled  at  about  170°;  in  silver, 
copper,  and  gold,  at  about  255° ;  in  platiiuim,  at  about  455°.  In 
alloys  the  increment  is  in  general  less :  in  German  silver,  for  ex- 
ample, at  yGO°  the  resistance  has  increased  by  only  0-3  of  its  value 
at  zero.  The  numbers  in  this  Table  express  the  variation  of  the 
specific  resistance — i.  e.  of  the  I'esistauce  reduced  in  each  case  to  the 
unit  of  length  aud  section.  If  we  wish  to  use  them  to  calculate 
the  resistance  at  t°  of  a  (jiveii  wire  tlie  resistance  of  which  at  zero 
is  known,  account  must  be  taken  of  the  changes  of  dimension  of 
the  wire ;  in  other  words,  the  resistance  obtained  must  be  multi- 
plied by  - — ^ ,  S  being  the  coefficient  of  dilatation.  This  correction 
camiot  be  neglected  when  the  temperature  exceeds  certain  limits. 

Sjiecific  Mesistances  of  Metals  at  Zero. 

Resistance  of  1  metre 

length  and  1  square 
millimetre  section.  Conductivities 

, * ^         compared  with 

ohm.       Siemens  unit.  silver. 

Pure  silver,  annealed 0-0154         0-01(51  100 

Copper,  annealed 0-0171         0-0179  90 

Silver  (J-VTT)'''^"»<'aled  ....   0-0193         0-0201  80 

Pure  gold,  annealed     0-0217         0*0227  71 

AUnniuium,  annealed 0-0309          0-(»321  49-7 

Magnesium,  cold-beaten 0-0423         0-0443  36-4 

Pure  zinc,  annealed  at  350°      0-0505         0-0591  27-5 

Pure  zinc,  cold-beaten 0-0594          0-0f)2]  25-9 

Pure  cadmium,  cold-beaten  .    0-0()S5         0-071(>  22-5 

Brass,  annealed    O-OOUl          ()-(»723  22-3 

Steel,  tempered     0-I(l9!)           0-1149  14-0 

J'ure  tin    0-1  101          0-1214  l3-;{ 

Aluminium  bronze   0-llSl)         0-1213  13() 

lroM,t<-iii])ered 0-1210          0-1272  12-7 

Palladium,  tempered    0-i;{.S4          0-1447  IM 

I'latinum,  tempered 0-1575         0-10I7  9-77 

Tl.allium 0-IS31          0-I014  8-4 1 

Pure  lead 0Mis5          0-2075  7-70 

German  silver 0-2(i54         0-2755  5-S() 

Pure  mercury 0-9504         1-0000  I'Ol 
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Variation  of  Resistance  with  Temperature. 

Steel E/=E,(1  +0-004078<  +  0-000007351O 

Iron „      (l  +  0-U04516i  +  0-00000oS28<') 

Tiu   „      (l  +  0-0u4o2S<-f-0-00000582G<-') 

Thallium „      (l  +  0-004125<  +  0-000003488O 

Cadmium „      (l  +  0-0042(54<  + 0-0000017650 

Zinc „      (l  +  0-004192<  +  0-000001481O 

Lead     „      (1  +  0-003954<  +  0-000001430<') 

Aluminium „      (1 +  0-003876^ +  0-000001320<') 

Silver    „      (1  + 0-003972^ +  0-000000687O 

Magnesium „      (1  +  0-0o3S70<  +  0-000000S63<-) 

Copper „      (1  +  0-003(J37<+0-000000587<-) 

Gold     „      (l  +  0-003G78i-f  0-000000426<-) 

SUver  (tVjA) „      (l-0-003522i  +  0-000000667<-) 

Palladium     „      (l  +  0-002787«  +  0-000000611<-) 

Platinum „      (l  +  0-002454<  +  0-000000o94<-) 

Brass    „      (1  +  0-0015990 

Aluminium  bronze  „      (1  +  0-0010200 

German  silver „      (1  +  0-0003560 

Mercury „      (1  +  0-000882^+0-000001140/-). 

-Comptes  Renclus  cleT Academie  des  Sciences,  vol.  Ixx^-i.  pp.  342-346. 


ON  THE  CONDITIONS  REQUISITE  FOR  THE  MAXIMUM  OF  RESIST- 
ANCE OF  GALVANOMETERS.       BY  M.  TH.  1)U  MONCEL. 

INIr.  Schwendler,  and  several  other  physicists  previously,  have 
found  that,  for  a  galvanometer  to  be  in  the  best  possible  conditions 
of  sensitiveness  in  relation  to  a  circuit  of  given  resistance,  the  re- 
sistance of  its  magnetizing  helix  must  be  equal  to  that  of  the  exterior 
circuit  in  communication  with  it.  Several  experiments  having  de- 
monstrated to  me  that  the  sensibility  increases  with  the  length  of 
the  helLx-\\ire,  under  other  conditions  than  those  thus  indicated,  1 
submitted  to  calculation  tlic  g.ahanometric  effects  with  regard  to  a 
circuit  of  given  resistance ;  and  I  have  ascertained  that  those  con- 
ditions of  sensitiveness  demand  a  considerably  greater  length  of 
Avire  in  the  multiphcr  than  that  \\hich  corresponds  to  the  resistance 
of  the  exterior  ciix-uit. 

To  demonstrate  the  law  A\hich  he  had  laid  downi,  Schwendler  en- 
deavours to  calculate  the  number  t  of  the  turns  of  tlie  helix  of  the 
multiplier  as  a  function  of  the  space  C  occupied  by  the  helix-wire, 
and  also  as  a  function  of  the  resistance  11  of  tlie  latter.     Designa- 

C 

ting  by  s  the  section  of  tliis  wive,  t  becomes  eaual  to  — ,  and  the 

Ct  .  ^ 

length  II  of  the  helix  equal  to  ^  ;   wliich  supposes  wrongly  that 

the  resistance  is  proportional  to  the  lunuber  of  tlie  spiral  turns,  and 
inversely  as  the  section  of  the  \\ire. 

According  to  these  data,  it  would  result  from  tlie  combination  of 
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the  values  of  t  and  H  that  t  \\-ould  be  expressed  by  VH;  and  as, 

E 
besides,  the  value  of  the  intensity  of  the  current  is  j^  ,  jj  (R  being 

the  resistance  of  the  exterior  circuit,  E  the  electromotive  force  of 
the  source  of  electricity),  the  magnetic  moment  F  of  the  needle 
would  be  

p_eVh 
e+h' 

an  expression  susceptible  of  a  maximum  for  E=H.  '  _ 

But  in  reality  the  value  of  t  is  far  from  being  expressed  by  VH  ; 
and  if  we  amend  the  preceding  formula  by  inserting  the  true  quan- 
tities, we  arrive  at  altogether  different  conditions.  ■ 

In  fact,  let  a  be  the  thickness  of  the  layers  of  spires,  h  the  width 
of  the  galvanometric  framework,  c  the  diameter  of  the  circular  part 
which  terminates  it  on  each  side,  d  the  length  of  the  framework 
between  these  two  circular  portions,  and  g  the  diameter  of  the  %\-ire 
(including  its  insulating  covei-ing) ;  the  number  of  the  turns  t  will 

be  expressed  by  ^,  and  the  length  H  of  the  helix  by 

^  7 

y 

consequently  the  magnetic  moment  F  of  the  needle  -w-ill  be 
p_ «Ea7> 

a  denoting  the  constant  of  the  instrument.  Now  the  conditions  of 
a  maximum  for  this  formula,  taking  ((  for  variable,  which  is  the  sole 
quantity  proportional  to  t,  lead  to  the  relation 

E-irha^ 

V 
which  shows  that  the  resistance  of  the  galvanomet€^-^^•ire  must  be 
greater  than  that  of  the  exterior  circuit  by  a  quantity  represented 

^y  ^(7rc  +  2cZ). 

'J 
"We  can,  moreover,  easily  assure  ourselves  of  the  truth  of  this  de- 
duction l)v  supposing  the  fnimework  of  the  galvanometer  repre- 
sented by  a  simple  coil,  as  in  the  Tliomson  galvancmieter,  and 
taking  the  inagnetic  momonts  of  the  needle  witli  the  two  lengths  of 
tlie  wire  of  the  helix  corresponding  to  the  two  conditions  for  a 
maximum  given  bv  Mr.  Schwendler  and  me.  For  greater  simpli- 
city, we  will  repn-sent  the  diameter  r  by  2/-.  In  these  conditions 
the  length  J I  of  the  helix,  instead  of  being  greater  than  the  resist- 
ance K  by  a  quantity  represented  by  ^  {irc-\-2d),  will  bo  greater 
only  by  a  quantity  l^irc,  or  will  be,  in  proportiou  to  E,  as  a-\-2r  is 
to  a.    "We  shall  therefore  have : — 
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1.  Witli  H=E, 


]?_        ^"'-' 


2.  With  H=E^^+^; 


r'= 


which  leads  to 


1'        a  +  )• 

7r?>rt(rt  +  2/-)       irha'  _    .  ,         ,— — —t— 

And  as  theu  \\q  have ^ =  —5-,  we  deduce  a  =  V  a((i.-\-2i% 

aud  cousequeutlv 

F  rt+2;- 


i'       Vfr  +  2rtrH->- 

As  a +  2;-  can  be  put  iu  the  form  V  a- +  2«/- +/•'-  +  /',  it  is  at  ouce 
seeu  that  F'  is  greater  than  F. 

The  experimental  Teriiieatiou  of  the  above-exhibited  deduction 
not  being  easy  to  realize,  on  account  of  the  too  great  sensitiveness 
of  gahanometers  with  resistant  helices  and  with  continual  varia- 
tions of  the  resistance  of  the  exterior  circuit  with  galvanometers  of 
short  helix,  I  made  the  experiment  vriWi  electromagnets,  the  attrac- 
tive force  of  which,  reckoned  accoi'diug  to  the  law  s  of  M^I.  Dub 
and  Jacobi,  admits  of  the  same  conditions  of  a  maximum  relative  to 
the  resistance  of  the  magnetizing  helices,  as  I  have  shox^Ti  in  my 
researches  on  the  best  construction  of  electromagnets.  !Xow  the 
follo\^"ing  are  the  results  I  obtained  with  one  and  the  same  electro- 
magnet excited  by  a  Daniell  pde  of  20  elements,  to  wliich  I  applied 
successively  magnetizing  coils  of  two  different  resistances,  viz.  a 
resistance  of  75  kilometres  of  telegraphic  wire  of  4  millims,  dia- 
meter, and  a  resistance  of  200  Idlometres.  In  order  to  avoid  static 
reactions,  the  attractive  forces  were  measured  with  1  millimetre 
distance  of  separation  from  the  armature. 

(1)  Forces  of  the  electromagnet  with  coils  of  75  kilometres  re- 
sistance. 

Attiftctivc  force, 
metres,      metres.  grammes. 

The  exterior  circuit  having  lS620-f-  0  80 

18620  +  100000       15 
„      „     „    18G20  + 200000        5*5 
„     „     „    18620  +  370000        0 

(2)  Forces  of  the  electromagnet  with  coils  of  200  kilometres  re- 
sistance. 

Theexterior  circuit  havmg  18620+  0  58 

„  „  „         18620  +  100000  25 

18620  +  200000  14 

18620  +  370000  0 

The  wire  of  these  circuits  was  perfectly  insulated ;  and  the  time 
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(luring  which  the  current  was  closed  was  long  enough  to  develop 
the  maximum  of  magnetization. 

Now  we  see  by  these  numbers  that  it  is  when  the  resistance  of 
the  coils  is  much  superior  to  the  exterior  resistance  that  the  maxi- 
mum is  attained,  and  that,  for  the  exterior  circuit  of  100  kilometres, 
tJie  maximum  is  obtained  with  the  helices  of  200  kilometres — that  is 
to  say,  helices  presenting  double  the  resistance.  Calculation  leads 
to  the  same  deduction ;  for  in  the  electrouiaguet  the  thickness  a  of 
the  heUx  was  equal  to  the  diameter  c  of  the  electromagnet,  and  con- 
sequently the  value  of  H,  which  must  be  equal  to  E- — :  to  satisfy 

the  conditions  of  a  maximum,  was  found,  under  the  circumstances 
of  my  experiments,  to  be  equal  to  2R. — Comjjtes  Hendus  cle  VAcad, 
des  Sciem-es,  a^oI.  Ixxvi.  pp.  3G8-371. 


STRATIFICATION  IN  A  LIQUID  IN  OSCILLATORY  MOTION. 
BY  J.  STEFAN. 

Fine  powder  diffused  in  a  horizontal  tube  containing  a  column  of 
water  set  in  motion  to  and  fro  disti*ibutes  itself  in  slices  or  strata 
perpendicular  to  the  direction  of  the  motion.  To  study  this,  M. 
Stefan  employed  a  Aery  simple  arrangement,  which  consists  m  in- 
troducing water  holding  in  suspension  oxide  of  iron  into  a  horizontal 
tubeoE  glass  with,  two  vertical  prolongations.  To  one  of  these  ver- 
tical branches  is  fitted  a  piece  of  caoutchouc  tubing  closed  at  its 
free  oxtrcMuity  with  a  cork.  By  pressing  this  between  the  fingcn* 
and  thumb  an  impulse  is  communicated  to  the  column  of  water  ; 
and  ]jy  repeating  the  pressure  at  equal  niter\als  a  regular  recipro- 
cating motion  is  impressed  upon  it.  The  powder  which  has  sunk 
to  the  lower  part  of  the  glass  tube  is  then  distributed  in  streaks 
which  are  so  nxucli  finer  and  closer  as  the  motion  of  the  water 
which  carries  them  with  it  has  less  amplitude. 

M.  Stefan  explains  this  grouping  of  the  particles  by  the  fact  that 
their  displacemisnt  is  eft'ected  more  easily  in  one  direction  than  in 
the  other — which  depeiuls  either  upon  the  Avater  moving  less  quickly 
in  one  of  the  two  phases  of  its  oscillatory  motion  tlian  in  the  other, 
or  else  on  the  shape  ot"  the  particlt^s.  We  ]iav(^  liere  a  fact  analo- 
gous to  Ihat  observi'd  in  the  production  of  the  lycopodiuin  figures 
(jhlained  by  M.  Kundt  in  acoustic  tu])i>s,  and  having  also  some 
allinity  to  the  st  rat  ification  of  the  electric  light.  At  least  M.  tStefau 
thinks  thai  this  latter  ])henomenon  may  b(>  attributed  to  a  cause 
altogetlusr  similar  to  the  one  just  indicated.  "  In  the  Teissier 
tubes,''  li(^  savs,  "a  i)art  of  the  gaseous  molecules,  playing  the  same 
part  as  \\w,  powder-particles  in  th(i  above  experiment,  rtn-eive  from 
the  alternate  discharges  impulses  wliich  are  more  powerful  in  one 
direction  than  in  Hit!  other.  As  to  \.\w  influence  which  may  be  ex- 
erted l)y  \\w  i)articular  nature  of  Wx^-'.  molecules,  it  is  not  necessary 
to  attribute  it  to  their  form  departing  more  or  less  from  the  splie- 
rical  ;  it  is  sufllci(jnt  if  we  invoke  the  variety  of  the  motions  pro- 
duced by  heat  in  the  difTenMit  molecules  at  n  given  moment." — 
Archives  des  iScieiices  Phi/sufics  cl  NatardlcSy  vol.  xlvi.  p.  270. 


T II E 
LONDON,   EDINBURGH,   axd   DUBLIN 

PKILOSOPHICAL     MAGAZINE 

AND 

JOURNAL    OF    SCIEXCE. 


[FOURTH   SERIES.] 


MAY  1873. 


XLI.  On  the  Ultramundane  Corpuscules  of  Le  Sage,  also  on  the 
Motion  of  Rigid  Solids  in  a  Liquid  circulating  irrotationally 
through  perforations  in  them  or  in  a  Fixed  Solid.  By  Sir 
William  Thomson,  F.R.S* 

LE  SAGE,  born  at  Geneva  in  1721',  devoted  the  last  sixty-three 
years  of  a  life  of  eighty  to  the  investigation  of  a  mechanical 
theory  of  gravitation.  The  probable  existence  of  a  gravitic  me- 
chanism is  admitted,  and  the  importance  of  the  object  to  which 
Le  Sage  devoted  his  life  pointed  out,  by  Newton  and  llumfordf 
in  the  following  statements  : — 

"It  is  inconceivable  that  inanimate  brute  matter  should, without 
the  mediation  of  something  else,  which  is  not  material,  operate 
upon,  and  affect  other  matter  without  mutual  contact ;  as  it  must 
do,  if  gravitation,  in  the  sense  of  Epicurus,  be  essential  and  in- 
herent in  it.     And  this  is  the  reason  why  I  desired  you  would 

*  Communicated  by  the  Author,  from  the  Proceedings  of  the  Royal 
Society  of  Edinburgh,  1S7I-7-. 

t  On  the  other  hand,  by  the  rai(kl!e  of  last  century  the  mathematical 
iiaturahsts  of  the  Continent,  after  half  a  century  of  resistance  to  the  New- 
tonian principles  (which,  both  by  them  anil  by  the  English  followers  of 
Newton,  were  commonly  supposed  to  mean  the  recognition  of  gravity  as  a 
force  acting  simply  at  a  distance  without  mediation  of  intervening  matter), 
had  begun  to  become  more  "  Newtonian  "  than  Newton  himself.  On  the 
4th  February,  1744,  Daniel  Bernoulli  wrote  as  follows  to  Euler  :  "  Uebri- 
gens  glaube  ich,  dass  der  Aether  sowohl  (gravis  versus  solein,  als  die  Luft 
versus  terram  sey,  und  kann  Ihnen  nicht  bergen,  dass  ich  iiber  diese  Puncte 
ein  volliger  Newtonianer  bin,  und  verwundere  ich  mich,  dass  Sie  deu  Prin- 
cipiis  Cartesianis  so  lang  adhiiriren  ;  es  miJchte  wohl  einige  Passion  vielleicht 
mit  unterlaufen.  Ilat  Gott  kiinucn  cine  nniinam,  deren  Natur  uns  uube- 
greillich  ist,  erschatfen,  so  hat  cr  auch  kunnen  cine  altractionem  luiiver- 
salem  raateriic  imprimiren,  wenu  gleich  solche  attractio  sitpi-a  capfum  ist, 
da  hingegen  die  PrincijiiaCartesiana  allzeit  contra  captum  etwas  involviren." 
Phil.  Mag.  S.  4.  Vol.  45.  No.  301.  Mag  1873.  Y 
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not  ascribe  innate  gravity  to  me.  That  gravity  should  be  innate, 
inherent^  and  essential  to  matter,  so  that  one  body  may  act  upon 
another  at  a  distance  through  a  vacuum,  v.ithout  the  mediation 
of  any  thing  else,  by  and  through  which  their  action  and  force 
may  be  conveyed  from  one  to  another,  is  to  me  so  great  an 
absurdity,  that  I  believe  no  man  who  has  in  philosophical  matters 
a  competent  faculty  of  thinking,  can  ever  fall  into  it.  Gravity 
must  be  caused  by  an  agent  acting  constantly  according  to  certain 
laws;  but  whether  this  agent  be  material  or  immaterial,  I  have 
left  to  the  consideration  of  my  readers.''^ — Neavtox^s  Tlnrcl 
Letter  to  Bentley,  February  25th,  1692-3. 

"  Nobody  surely,  in  his  sober  senses,  has  ever  pretended  to 
understand  the  mechanism  of  gravitation ;  and  yet  what  sublime 
discoveries  was  our  immortal  Nevt'ton  enabled  to  make,  merely 
by  the  investigation  of  the  laws  of  its  action  "  *. 

Le  Sage  expounds  his  theory  of  gravitation,  so  far  as  he  had 
advanced  it  up  to  the  year  1782,  in  a  paper  published  in  the 
Transactions  of  the  Royal  Berlin  Academy  for  that  year,  under 
the  title  "  Lucrece  Newtonien.^''  His  opening  paragraph,  en- 
titled "  But  de  ce  memoire/''  is  as  follows  : — 

"  Je  me  propose  de  fairc  voir  :  que  si  les  premiers  Epicuriens 
avoient  cu  ;  sur  la  Cosmogra])hie  des  idecs  aussi  saincs  seule- 
ment,  que  plusieurs  de  Icurs  contemporains,  quails  negligeoient 
d'ecoutcr  t;  tt  sur  la  Geometric,  une  partie  des  connoissances  qui 
etoient  deju  communes  alors :  ils  auroient,  tres  probablcmcnt, 
decouvert  sans  effort ;  Ics  Loix  do  la  Gravitc  universelle,  et  sa 
Cause  mecanique.  Loix;  dont  Tinvcntion  et  la  demonstration, 
font  la  plus  grande  gloire  du  plus  puissant  genie  qui  ait  jamais 
existe  :  et  Cause,  qui  apres  avoir  i'ait  pendant  longtems,  Fani- 
bition  des  plus  grands  Physiciens;  fait  ;\  present,  le  desespoir  do 
leurs  sucesseurs.  Dc  sortc  cjuc,  par  exemple,  les  fameuses  llegles 
de  Kcjjhr;  trouvees  il  y  a  moiiis  de  deux  sieclcs,  en  partie  sur 
des  conjectures  gratuites,  et  en  partie  apres  d'immenses  tuton- 
ncmens  ;  n'auroient  ete  epic  des  corollaircs  ])articuliers  et  inevi- 
taijles,deslumieresgenerale.squecesanciensriiilosophesi)ouvoient 
puiser  (commc  en  se  jouant)  dans  le  mecanisme  projjrement  dit 
dc  la  Nature.  Conclusion  ;  qu'on  pent  aiiplicjucr  cxnctenicnt 
aussi,  aux  lioix  dc  Galilee  sur  la  chute  des  Graves  sublunaires  j 
doiit  la  dccouvertc  a  etc  plus  tardive  encore,  et  plus  contestce  : 
joint  51  ee  que,  les  experiences  sur  lesquelles  cette  dccouvertc  etoit 
etablie;  laissoient  dans  leurs  resultats  (nccessairenient  grossiers), 

*  "An  lnq<iiiy  conrorning  llic  Soiuco  of  (lio  Ili'iit  wliicli  is  rAcitcd  l)y 
I'Victioii.     15v  ('oiint  Uuiiifoiil,"  IMiilosopliical  'riniisactioiis,  1/!'!^. 

t  "  Vobis  (Kpioircis)  iiiiuuB  iiotuni  L'st,  (juciiiadniodnni  (niiilcjiicdicutur. 
Vcntrn  t'liiiii  solinn  lof^iliR,  vcstm  ninntis;  cfrtiTos,  ci\iis;\  incogiiitfi,  con* 
dtinnntis.-   Cickhon,  /-*(•  iialvro.  Dcoruiri,  ii.  iil)." 
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unc  latitude,  que  les  rendoit  egalcment  compatibles  avec  plusieurs 
autres  hypotheses;  qu'aussi,  Ton  nc  manqua  pasde  lui  opposer  : 
au  lieu  que,  les  consequeuces  du  choc  des  Atoms ;  auroieut  etc 
absolumeut  anivoques  en  faveur  du  seul  j)vincipe  veritable  (dcs 
Accelerations  egalcs  en  Temjjuscules  egaux)." 

If  Le  Sage  had  but  excepted  Kepler's  third  huv,  it  must  be 
admitted  that  his  case,  as  stated  above,  would  have  been 
thoroughly  established  by  the  arguments  of  his  "memoire;'' 
for  the  Epicurean  assumption  of  parallelism  adopted  to  suit  the 
false  idea  of  the  earth  being  Hat,  prevented  the  discovery  of  the 
law  of  the  inverse  square  of  the  distance,  which  the  mathema- 
ticians of  that  day  were  quite  competent  to  make,  if  the  hypothesis 
of  atoms  moving  ni  all  directions  through  space,  and  rarely  coming 
into  collision  with  one  another,  had  been  set  before  them,  with 
the  problem  of  determining  the  force  with  which  the  impacts 
would  press  together  two  s})herical  bodies,  such  as  the  earth  and 
moon  were  held  to  be  by  some  of  the  contemporary  philosophers 
to  whom  the  Epicureans  "  would  not  hsten/'  But  nothing  less 
than  direct  observation,  proving  Kepler's  third  law — Galileo's 
experiment  on  bodies  falling  from  the  tower  of  Pisa^  Boyle's 
guinea-and-feather  experiment,  and  Newton's  experiment  of  the 
vibrations  of  pendulums  composed  of  different  kinds  of  substance 
— could  cither  give  the  idea  that  gravity  is  proportional  to  mass, 
or  prove  that  it  is  so  to  a  high  degree  of  accuracy  for  large 
bodies  and  small  bodies,  and  for  bodies  of  different  kinds  of 
substance.  Le  Sage  sums  up  his  theory  in  au  appendix  to  the 
"  Lucrece  Newtouien,"  part  of  which,  translated  (literally,  except 
a  few  sentences  which  1  have  paraphrased),  is  as  follows : — 

Constitution  of  Heavy  Bodies. 

1st.  Their  indivisible  particles  are  cages — for  example,  empty 
cubes  or  octahedrons  vacant  of  matter  except  along  the  twelve 
edges. 

2nd.  The  diameters  of  the  bars  of  these  cages,  supposed  in- 
creased each  by  an  amount  equal  to  the  diameter  of  one  of  the 
graviiic  corpuscles,  are  so  small  relatively  to  the  nnitual  distance 
of  the  parallel  bars  of  each  cage,  that  the  terrestrial  globe  does 
not  intercept  even  so  much  as  a  ten-thousandth  part  of  the  cor- 
puscles which  offer  to  traverse  it. 

3rd.  These  diameters  are  all  equal ;  or  if  they  are  unequal, their 
inequalities  sensibly  compensate  one  another  [in  averages]. 

Constitution  of  Gravifc  Corpuscules. 

1st.  Conformably  to  the  second  of  the  preceding  suppositions 
their  diameters  added  to  that  of  the  bars  is  so  small  relatiyclv  to 

Y2  ^ 
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the  mutual  distance  of  parallel  bars  of  one  of  the  cages,  that  the 
^Ycights  of  the  celestial  bodies  do  not  differ  sensibly  from  being 
in  proportion  to  their  masses. 

2nd.  They  are  isolated;  so  that  their  progressive  movements 
are  necessarily  linear. 

3rd.  They  are  so  sparsely  distributed  (that  is  to  say^  their 
diameters  are  so  small  relatively  to  their  mean  mutual  distances) 
that  not  more  than  one  out  of  every  hundred  of  them  meets 
another  corpuscule  during  several  thousands  of  years  ;  so  that  the 
uniformity  of  their  movements  is  scarcely  ever  troubled  sensibly. 

4th.  They  move  along  several  hundred  thousand  millions  of 
different  directions^  in  counting  for  one  same  direction  all  those 
which  are  [within  a  definite  very  small  angle  of  being]  parallel 
to  one  straight  line.  The  distribution  of  these  straight  lines  is 
to  be  conceived  by  imagining  as  many  points  as  one  wishes  to 
consider  of  different  directions,  scattered  over  a  globe  as  uniformly 
as  possible,  and  therefore  separated  from  one  another  by  at  least 
a  second  of  angle,  and  then  imagining  a  radius  of  the  globe 
drawn  to  each  of  those  points. 

5th.  Parallel,  then,  to  each  of  those  directions,  let  a  current 
or  torrent  of  corpusculcs  move ;  but,  not  to  give  the  stream  a 
greater  breadth  than  is  necessary,  consider  the  transverse  section 
of  this  current  to  have  the  same  boundary  as  the  orthogonal 
projection  of  the  visible  world  on  the  plane  of  the  section. 

Gth.  The  different  parts  of  one  such  current  are  sensibly  equi- 
dense,  whcllier  we  compare,  among  one  another,  collateral 
portions  of  sensible  transverse  dimensions,  or  successive  ])ortions 
of  such  lengths  that  their  times  of  passage  across  a  given  surface 
are  sensible.  And  the  same  is  to  be  said  of  the  different  currents 
compared  with  one  another. 

7th.  The  mean  velocities,  defined  in  the  same  manner  as  I 
liave  just  defined  the  densities,  are  also  sensibly  equal. 

8tl).  Tlie  ratios  of  these  velocities  to  those  of  the  j)lanets  arc 
several  million  times  greater  than  the  ratios  of  the  gravities  of 
tlie  planets  towards  the  sun  to  tlu;  greatest  resistance  which 
secular  observations  allow  us  to  suppose  they  ex])erience.  For 
examj)lc,  [these  velocities  must  be]  some  hundredfold  a  greater 
number  of  times  the  velocity  of  the  earth,  than  the  ratio  of 
iy(),()()0*  times  the  gravity  of  the  eartli  towards  the  sun  to  the 
greatest  resistance  which  secular  ()l)servati{)iis  of  the  length  of 
the  year  permit  us  to  suj)j)ose  that  tlie  earth  experiences  from 
the  celestial  masses. 

*  To  rciiilcr  llif  sciitciifL-  inoir  cnxily  rond,  I  hiivo  substitiidcil  this 
niunl)er  in  pliUH-  of  tlic  iDllowini^  words: — "  Ic  iioiidjic  do  iois  que  le 
tirnianieiit  fonticut  le  disfjiic  aiipnrcut  du  soUil," 
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CoNCEPTioXj  ichich  facilitates  the  apiAicution  cf  Mathematics  to 
determine  the  mutual  Influence  of  these  Heavy  Bodies,  and 
these  Corjntscules. 

1st.  Decompose  all  heavy  bodies  into  molecules  of  equal  mass, 
so  small  that  they  may  be  treated  as  attractive  points  with  respect 
to  theories  iu  which  gravity  is  considered  without  reference  to 
its  cause;  that  is  to  say,  each  must  be  so  small  that  inequalities 
of  distance  and  differences  of  direction  between  its  particles  and 
those  of  another  molecule,  conceived  as  attractin'>  it  and  being 
attracted  by  it,  may  be  neglected.  For  example,  suppose  the 
diameter  of  the  molecule  considered  to  be  a  hundred  thousand 
times  smaller  than  the  distance  between  two  bodies  of  which  the 
mutual  gravitation  is  examined,  which  would  make  its  apparent 
semidiameter,  as  seen  from  the  other  body,  about  one  second 
of  angle, 

2nd.  For  the  surfaces  of  such  a  molecule,  accessible  but  im- 
permeable to  the  gravitic  fluid,  substitute  one  single  spherical 
surface  equal  to  their  sum. 

3rd.  Divide  those  surfaces  into  facets  small  enough  to  allow 
them  to  be  treated  as  planes,  without  sensible  error  [Sec.  &c.]. 

Remarks. 

It  is  not  necessary  to  be  very  skilful  to  deduce  from  these 
suppositions  all  the  laws  of  gravity,  both  sublunary  and  universal 
(and  consequently  also  those  of  Kepler,  &c.),  svith  all  the  accuracy 
with  which  observed  phenomena  have  proved  those  laws.  Those 
laws,  therefore,  are  inevitable  consequences  of  the  supposed  con- 
stitutions. 

2nd.  Although  I  here  present  these  constitutions  crudely  and 
without  proof,  as  if  they  were  gratuitous  hypotheses  and  hazarded 
fictions,  equitable  readers  will  understand  that  on  my  own  part 
I  have  at  least  some  presumptions  in  their  favour  (independent 
of  their  perfect  agreement  with  so  many  phenomena),  but  that 
the  development  of  my  reasons  would  be  too  long  to  find  a  place 
in  the  present  statement,  which  may  be  regarded  as  a  publication 
of  theorems  without  their  demonstrations. 

3rd There  are  details  u])on  which   I  have  wished 

to  enter  on  account  of  the  novelty  of  the  doctrine,  and  which 
will  readily  be  supplied  by  those  who  study  it  in  a  favourable 
and  attentive  spirit.  If  the  authors  who  write  on  hydrodyna- 
mics, aerostatics,  or  optics  had  to  deal  with  ea])tious  readers, 
doubting  the  very  existence  of  water,  or  air,  or  light,  and  there- 
fore not  adapting  themselves  to  any  tacit  supposition  regarding 
equivalencies  or  compensations  not  expressly  mentioned  in  their 
treatises,  they  would  be  obliged  to  load  their  definitions  with  a 
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vast  number  of  specifications  which  instructed  or  indulgent 
readers  do  no  not  require  of  them.  One  understands  "  a  demi- 
mut"  and  "  sano  sensu''  only  familiar  propositions  towards  which 
one  is  already  favourably  inclined. 

Some  of  the  details  referred  to  in  this  concluding  sentence  of 
the  appendix  to  his  Liicrece  Newtonien,  Le  Sage  discusses  fully 
in  his  Traite  de  Physique  Mecanique,  edited  by  Pierre  Prevost, 
and  published  in  1818  (Geneva  and  Paris). 

This  treatise  is  divided  into  four  books. 

I.  "Exposition  sommaire  du  systeine  des  corpuscules  ultra^ 
mondains.^' 

II.  "  Discussion  des  objections  qui  peuvent  s'elever  contre  le 
systeme  des  corpuscules  ultramondains.^' 

III.  "  Des  fluids  elastiques  ou  expansifs." 

IV.  "Application  des  theories  precedentes  a  certaines  affi- 
cites." 

It  is  in  the  first  two  books  that  gravity  is  explained  by  the 
impulse  of  ultramundane  corpuscules,  and  I  have  no  remarks  at 
present  to  make  on  the  third  and  fourth  books. 

From  Le  Sage's  fundamental  assumptions,  given  above  as 
nearly  as  may  be  in  his  own  words,  it  is,  as  he  says  himself,  easy 
to  deduce  the  law  of  the  inverse  square  of  the  distance,  and  the 
law  of  proj)ortionality  of  gravity  to  mass.  The  object  of  the 
present  note  is  not  to  give  an  exposition  of  Le  Sage's  theory, 
which  is  sufficiently  set  forth  in  the  preceding  extracts,  and  dis- 
cussed in  detail  in  the  first  two  books  of  his  posthumous  treatise. 
I  may  merely  say  that  inasmuch  as  the  law  of  the  inverse  square 
of  the  distance,  for  every  distance,  however  great,  would  be  a 
perfectly  obvious  consequence  of  the  assumptions,  were  the 
gravific  coijiuscules  infinitely  sniall,  and  tiicrefore  incapable  of 
coming  into  collision  with  one  auutlier,  it  may  be  extended  to 
as  great  distances  as  we  please,  by  giving  small  enough  dinien- 
fiions  to  the  corpuscules  relatively  to  the  mean  distance  of  each 
from  its  nearest  neighbour.  The  law  of  masses  may  be  extended 
to  as  great  masses  as  those  for  which  observation  proves  it  (for 
example,  the  mass  of  Jupiter),  by  making  tiie  diameters  of  the 
bars  of  the  supposed  cage-atoms  constituting  heavy  bodies,  small 
enough.  Tims,  for  examj)l<',  tlierc  is  nothing  to  prevent  us  I'rom 
supposing  that  not  more  than  one  straight  line  of  a   million  I 

drawn  at   random  towards  Jupiter  and  continued  through  it,  i 

should  touch  one  of  the  bars.  Lastly,  as  Le  Sage  j)rovcs,  the 
resistance;  of  his  gravific  fluid  (o  the  motion  of  one  of  the  ])lanet3 
tiirough  it,  is  proportional  to  the  j)roduet  of  the  velocity  of  liie 
]ilanet  into  the  average  vc^loeity  of  the  gravitic  corpuscules  ;  and 
hence,  by  making  the  velocities  of  the  corpuscules  great  enough, 
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and  giving  tlicm  suitably  small  masses,  they  may  produce  the 
actual  forces  of  gi-avitation,  and  not  more  than  the  amount  of 
resistance  which  observation  allows  us  to  suppose  that  the  planets 
experience.  It  will  be  a  very  interesting  subject  to  examine 
minutely  Lc  Sage's  details  on  these  points,  and  to  judge  whether 
or  not  the  additional  knowledge  gained  by  observation  since  his 
time  requires  any  modification  to  be  made  in  the  estimate  which 
he  has  given  of  the  possible  degrees  of  permeability  of  the  sun 
and  planets,  of  the  possible  proportions  of  diameters  of  corpuscules 
to  interstices  between  them  in  the  "  gravific  fluid,"  and  of  the 
possible  velocities  of  its  component  corpuscules.  This  much  is 
certain,  that  if  hard  indivisible  atoms  are  granted  at  all,  his 
principles  are  unassailable,  and  nothing  can  be  said  against  the 
probability  of  his  assumptions.  The  only  imperfection  of  his 
theory  is  that  which  is  inherent  to  every  supposition  of  hard, 
indivisible  atoms.  They  must  be  perfectly  elastic  or  imperfectly 
elastic,  or  perfectly  inelastic.  Even  Newton  seems  to  have  ad- 
mitted as  a  probable  reality  hard,  indivisible,  unalterable  atoms, 
each  perfectly  inelastic. 

Nicolas  Fatio  is  quoted  by  Le  Sage  and  Prevost  as  a  friend 
of  Newton,  who  in  1689  or  1690  had  invented  a  theory  of  gravity 
perfectly  similar  to  that  of  Le  Sage,  except  certain  essential 
points,  had  described  it  in  a  Latin  poem  not  yet  printed,  and 
had  written,  on  the  30th  March,  1 691',  a  letter  regarding  it, 
which  is  to  be  found  in  the  third  volume  of  the  works  of  Leibnitz, 
having  been  communicated  for  publication  to  the  editor  of  those 
works  by  Le  Sage,  lledeker,  a  German  physician,  is  quoted  by 
Le  Sage  as  having  expounded  a  theory  of  gravity  of  the  same 
general  character,  in  a  Latin  dissertation  published  in  173G, 
referring  to  which  Prevost  says,  '-  Ob.  Ton  trouve  I'expose  d'un 
systeme  fort  semblable  a  celui  de  Le  Sage  dans  ses  traits  priu- 
cipaux,  mais  depourvu  de  cette  analyse  exacte  des  phcnomencs 
qui  fait  le  principal  nierite  de  toute  espcce  de  theoiic."  Fatio 
supposed  the  corpuscules  to  be  elastic,  and  seems  to  have  shown 
no  reason  why  their  return  velocities  after  collision  with  mundane 
matter  should  be  less  than  their  previous  velocities,  and  therefore 
not  to  have  explained  gravity  at  all.  llcdckcr,  we  are  told  by 
Prevost,  had  very  limited  ideas  of  the  permeabilities  of  great 
bodies,  and  therefore  failed  to  explain  the  law  of  the  propor- 
tionality of  gravity  to  mass  :  "  he  enunciated  this  law  very  cor- 
rectly in  section  15  of  his  dissertation;  but  the  manner  in  which 
he  explains  it  shows  that  he  had  but  little  reflected  upon  it. 
Notwithstanding  these  imperfections,  one  cannot  but  recognize 
in  this  work  an  ingenious  conception  which  ought  to  have  pro- 
voked examination  on  the  part  of  naturalists,  of  whom  many  at 
that  time  occupied  themselves  with   the   same   investigation. 
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Indeed  there  exists  a  dissertation  hy  Segner  on  this  subjecf^. 
But  science  took  another  course,  and  works  of  this  nature  gradu- 
ally lost  appreciation,  Le  Sage  has  never  failed  on  any  occasion 
to  call  attention  to  the  system  of  Kedeker,  as  also  to   that  of 

Fatio^'t- 

Le  Sage  shows  that,  to  produce  gravitation,  those  of  the  ultra- 
mundane corpuscules  ^^■hich  strike  the  cage-bars  of  heavy  bodies 
must  either  stick  there  or  go  away  'with  diminished  velocities. 
He  supposed  the  corpuscules  to  be  inelastic  [durs),  and  points  out 
that  we  ought  not  to  suppose  them  to  be  permanently  lodged  in 
the  heavy  body  [entasses),  that  we  must  rather  suppose  them  to 
slip  off,  but  that,  being  inelastic,  their  average  velocities  after 
collision  must  be  less  than  that  which  they  had  before  collision  J. 

That  these  suppositions  imply  a  gradual  diminution  of  gravity 
from  age  to  age  was  carefully  pointed  out  by  Le  Sage,  and  re- 
ferred to  as  an  objection  to  his  theory.  Thus  he  says,  "...  Done, 
la  duree  de  la  gravite  seroit  finie  aussi,  et  par  consequent  la  duree 
du  monde, 

Rcponse.  Concedo ;  tnais  pourvu  que  cet  obstacle  ne  contribue 
pas  Ji  faire  finir  le  monde  plus  promptement  qu'il  n'auroit  fini 
sans  lui,  il  doit  etre  considere  comme  nul  ""^  §. 

Two  suppositions  may  be  made  on  the  general  basis  of  Lc 
Sage^s  doctrine: — 

1st  (which  seems  to  have  been  Le  Sage's  belief).  Suppose 
the  whole  of  mundane  matter  to  be  contained  within  a  finite  space, 
and  the  infinite  space  round  it  to  be  traversed  by  ultramundane 
corpusculcs,  and  a  small  proportion  of  the  corpusculcs  coming 
from  ultramundane  space  to  suffer  collisions  with  mundane  mattter, 
and  get  away  with  diminished  gravific  energy  to  ultramundane 
space  again.  They  would  never  return  to  the  world  were  it  not 
for  collision  among  themselves  and  other  corpusculcs.  Le  Sage 
held: — that  such  collisions  are  extremely  rare  that ;  each  collision, 
even  between  the  ultramundane  corpusculcs  themselves,  destroys 
some  energy  ]] ;  that  at  a  not  infinitely  remote  past  time  they  were 
set  in  motion  for  the  purpose  of  keeping  gravitation  throughout 
the  world  in  action  for  a  limited  period  of  time;  and  that  both  by 

*  Dc  Causil  gravitatis  RcdckcrianA. 

t  Lc  S.npc  was  remarkably  scrupulous  in  givinf^  full  information  regar- 
ding all  who  preceded  \\\m  in  the  develojiuient  of  any  jiart  of  liis  theory. 

\  Le  Sit;;e  estimated  the  velocity  after  eollit.ion  to  be  two  thirds  of  the 
velocity  before  collision. 

§  Posthumous  Traild dc  Physique  Mfcanique,  edited  }>y  Pierre  Prt^ost. 
(icneva  and  Paris,  ISlM. 

II  Newton  (Oi)tics,  Query  .'«).  cd.  17'21,  p.  ■'^".'i)  held  that  two  equal 
and  similar  atoms,  moving  with  equal  velocities  in  contiary  directions, 
come  to  rest  when  they  strike  one  another.  Le  Sage  held  the  same  ;  and 
it  seems  that  writers  of  last  century  understood  this  without  qualification 
vhen  they  called  atoms  hard. 
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their  mutual  eollisions,  and  by  collisions  with  mundane  atoms,  the 
whole  stock  of  gravific  energyis  being  gradually  reduced,  andthere- 
fore  the  intensity  of  gravity  gradually  diminishing  from  age  to  age. 

Or^  2nd,  su])pose  mundane  matter  to  be  sjjread  through  all . 
space,  but  to  be  much  denser  within  each  of  an  infinitely  great 
number  of  finite  volumes  (such  as  the  volume  of  the  earth)  than 
elsewhere.  On  this  supposition,  even  were  there  no  collisions 
between  the  corpuscules  themselves,  there  would  be  a  gradual  di- 
minution in  their  gravific  energy  through  the  repeated  collisions 
with  mundane  matter  which  each  one  must  in  the  course  of  time 
suffer.  The  secular  diminution  of  gravity  would  be  more  rapid 
according  to  this  supposition  than  according  to  the  former,  but 
still  might  be  made  as  slow  as  we  please  by  pushing  far  enough 
the  fundamental  assumptions'  of  very  small  diameters  for  the 
cage-bars  of  the  mundane  atoms,  very  great  density  for  their 
substance,  and  very  small  volume  and  mass,  and  very  great 
velocity  for  the  ultramundane  corpuscules. 

The  object  of  the  present  note  is  to  remark  that  (even  although 
we  were  to  admit  a  gradual  fading  away  of  gravity,  if  slovvenough), 
we  are  forbidden  by  the  modern  physical  theory  of  the  conser- 
vation of  energy  to  assume  inelasticity,  or  any  thing  short  of 
perfect  elasticity,  in  the  ultimate  molecules^  whether  of  ultra- 
mundane or  of  mundane  matter — and,  at  the  same  time,  to  point 
out  that  the  assumption  of  diminished  exit-velocity  of  ultramun- 
dane corpuscules,  essential  to  Le  Sage^s  theory,  may  be  explained 
for  perfectly  elastic  atoms,  consistently  both  with  modern  ther- 
modynamics, and  with  perennial  gravity. 

If  the  gravific  corpuscules  leave  the  earth  or  Jupiter  with  less 
energy  than  they  had  before  collision,  their  effect  must  be  to 
continually  elevate  the  temperature  throughout  the  whole  mass. 
The  energy  which  must  be  attributed  to  the  gravific  corpuscules  is 
so  enormously  great,  that  this  elevation  of  temperature  would  be 
sufficient  to  melt  and  evaporate  any  solid,  great  or  small,  in  a 
fraction  of  a  second  of  time.  Hence,  though  outward-bound 
corpuscules  must  travel  with  less  velocity,  they  must  carry  away 
the  same  energy  with  them  as  they  brought.  Suppose,  now,  the 
whole  energy  of  the  corpuscules  approaching  a  planet  to  consist 
of  translatory  motion  :  a  portion  of  the  energy  of  each  corpusculc 
which  has  suffered  collision  must  be  supposed  to  be  converted 
by  the  collision  into  vibrations,  or  vibrations  and  rotations.  To 
simplify  ideas,  suppose  for  a  moment  the  particles  to  be  perfectly 
smooth  elastic  globules.  Then  collision  could  not  generate  any 
rotatory  motion ;  but  if  the  cage-atoms  constituting  mundane 
matter  be  each  of  them,  as  we  nuist  suppose  it  to  be,  of  enor- 
mously great  mass  in  comparison  with  one  of  the  ultramundane 
globules,  and  if  the  substance  of  the  latter,  though  perfectly 
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elastic,  be  much  less  rigid  than  that  of  the  former,  each  glo- 
bule that  strikes  one  of  the  cage-bars  mast  (Thomson  and  Tait's 
'Natural  Philosophy/ §301)  come  away  with  diminished  velocity 
of  translation,  but  with  the  corresponding  deficiency  of  energy 
altogether  converted  into  vibration  of  its  own  mass.  Thus  the 
condition  required  by  Le  Sage^s  theory  is  fulfilled  without 
violating  modern  thermo-dynamics ;  and,  according  to  Le  Sage, 
we  might  be  satisfied  not  to  inquire  what  becomes  of  those  ultra- 
mundane corpuscules  which  have  been  in  collision  either  with  the 
cage-bars  of  mundane  matter  or  with  one  another ;  for  at  present, 
and  during  ages  to  come,  these  would  be  merely  an  inconside- 
rable minority,  the  great  majority  being  still  fresh  wuth  original 
gravific  energy  unimpaired  by  collision.  Without  entering  on 
the  purely  metaphysical  question,  Is  any  such  supposition  satis- 
factory ?  I  wish  to  point  out  how  gravific  energy  may  be  natu- 
rally restored  to  corpuscules  in  which  it  has  been  impaired  by 
collision. 

Clausius  has  introduced  into  the  kinetic  theory  of  gases  the 
very  important  consideration  of  vibrational  and  rotational  energy. 
He  has  shown  that  a  multitude  of  elastic  corpuscules  moving 
through  void,  and  occasionally  striking  one  another,  must,  on 
the  average,  have  a  constant  proportion  of  their  whole  energy  in 
the  form  of  vibrations  and  rotations,  the  other  part  being  purely 
translational.  Even  for  the  simplest  case — that,  namely,  of 
smooth  elastic  globes — no  one  has  yet  calculated  by  abstract 
dynamics  the  ultimate  average  ratio  of  the  vibrational  and  rota- 
tional to  the  translational  energy.  But  Clausius  has  shown  how 
to  deduce  it  for  the  corpuscules  of  any  particular  gas  from  the 
experimental  determination  of  the  ratio  of  its  specific  heat, 
pressure  constant,  to  its  specific  heat,  volume  constant*,  lie 
found  that 

/3=!    ' 


ij  7  —  i 

if  7  be  the  ratio  of  the  specific  heats,  and  /9  the  ratio  of  the  whole 
energy  to  the  translational  part  of  it.  For  air,  the  value  of  y 
found  by  experiment  is  1-108,  which  makes  /3  =  1-G3I.  For 
steam,  Maxwell  says,  on  the  authority  of  Kankine,  ^  "may  be 
as  much  as  219;  but  this  is  very  uncertain."  If  the  molecules 
of  gases  are  admitted  to  be  elastic  corpuscules,  the  validity  of 
Clau.sius's  principle  is  undeniable ;  and  it  is  obvious  that  the 
value  of  tlie  ratio  /3  must  dei)cnd  upon  the  shape  of  each  mole- 
cule, and  on  the  distribution  of  clastic  rigidity  through  it,  if  its 
hubstance  is  not  homogeneous.  Fiu'ther,  it  is  clear  that  the 
value  i)'i  f'i,  for  ^  set  of  ecpial  and  similar  corpuscules,  will  not  be 

♦  Maxwell's  •  Elemeutary  Treatise  on  Heat,'  chap.  xxii.   LoiiBUiaiis,  18/1. 
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the  same  after  collision  with  molecules  different  from  them  in 
form  or  in  clastic. rigidity  as  after  collision  with  molecules  only 
of  their  own  kind.  All  that  is  necessary  to  complete  Le  Sage's 
theory  of  c;ravity  in  accordance  with  modern  science,  is  to  assume 
that  the  ratio  of  the  whole  energy  of  the  corpuscules  to  the  trans- 
itional part  of  their  energy  is  greater,  on  the  average,  after 
collisions  with  mundane  matter  than  after  intercollisions  of  only 
ultramundane  corpuscules.  This  supposition  is  neither  more  nor 
less  questionable  than  that  of  Clausius  for  gases,  which  is  now 
admitted  as  one  of  the  generally  recognized  truths  of_  science. 
The  corpuscular  theory  of  gravity  is  no  more  difficult  in  allow- 
ance of  its  fundamental  assumptions  than  the  kinetic  theory  of 
gases  as  at  present  received;  and  it  is  more  complete,  inasmuch 
as,  from  fundamental  assumptions  of  an  extremely  simple  cha- 
racter, it  explains  all  the  known  phenomena  of  its  subject,  which 
cannot  be  said  of  the  kinetic  theory  of  gases  so  far  as  it  has 
hitherto  advanced, 

Postscript,  April  1872, 
In  the  preceding  statement  I  inadvertently  omitted  to  remark 
that  if  the  constituent  atoms  are  reolotropic  in  respect  of  perme- 
ability, crystals  would  generally  have  diflferent  permeabilities  in 
different  directions,  and  would  therefore  have  different  weights 
according  to  the  direction  of  their  axes  relatively  to  the  direction 
of  gravity.      No  such  difference  has  been  discovered ;  and  it  is 
certain  that,  if  there  is  any,  it  is  extremely  small.      Hence  the 
constituent  atoms,  if  seolotropic  as  to  permeability,  must  be  so 
but  to  an  exceedingly  small  degree.      Le  Sage's  second  funda- 
mental assumption,  given  above  under  the  title  "  Cuiistitutivn  of 
Heavy  Bodies,"  implies  sensibly  equal  permeability  in  all  direc- 
tions, even  in  an  reolotropic  structure,  unless  much  greater  than 
Jupiter,  provided  that  the  atoms  arc  isotropic  as  to  permeability. 
A  body  having  different  permeabilities  in  different  directions 
would,  if  of  manageable  dimensions,  give  us  a  means  for  drawing 
energy  from  the  inexhaustible  stores  laid  up  in  the  ultramundane 
corpuscules,  thus  :— First,  turn  the  body  into  a  position  of  mini- 
mum weight;  secondly,  lift  it  through   any  height;    thirdly, 
turn  it  into  a  position  of  maxin^.um  weight ;  fourthly,  let  it  down 
to  its  primitive  level.     It  is  easily  seen  that  the  first  and  third 
of  those  operations  are  perA)rmed  without  the  expenditure  of 
work ;  and,  on  the  whole,  work  is  done  by  gravity  in  operations 
2  and  4.     In  the  corresponding  set  of  operations  performed  upon 
a  movable  body  in  the  neighbourhood  of  a  fixed  magnet,  as 
much  work  is  required  for  oi)erations  1   and  3  as  is  gained  iu 
operations  2   and  4 — the  magnetization  of  the  movable  body 
being  either  intrinsic  or  inductive,  or  partly  intrinsic  and  partly 
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inductive,  and  the  part  of  its  reolotropy  (if  any)  which  depends 
on  inductive  magnetization  being  due  either  to  magnecrvstallic 
quality  of  its  substance  or  to  its  shape*. 

On  the  Motion  of  Rigid  Solids  in  a  Liquid  circulating  irrotation- 
alhj  through  perforations  in  them  or  in  a  Fixed  Solidf. 

1.  Let  yp-,  (f),  . . .  be  the  values  at  time  t,  of  generalized  coor- 
dinates fully  specifying  the  positions  of  any  number  of  solids 
movable  through  space  occupied  by  a  perfect  liquid  destitute  of 
rotational  motion,  and  not  acted  on  by  any  force  which  could 
produce  it.  Some  or  all  of  these  solids  being  perforated,  let 
%'  X'}  x!'>  ^^-  ^^'^  ^^^^  quantities  of  liquid  which  from  any  era  of 
reckoning,  up  to  the  time  /,  have  traversed  the  several  apertures. 
According  to  an  extension  of  Lagrange's  general  equations  of 
motion,  used  in  vol.  i.  of  Thomson  and  Tait's  '  Natural  Philo- 
sophy,' §§  331-336,  proved  in  §§  329,  331  of  the  German 
translation  of  that  volume,  and  to  be  further  developed  in  the 
second  English  edition  now  in  the  press,  we  may  use  these  quan- 
tities 'x^,  x''  •  •  •  ''^  ^^  ^^^y  ^^'^^'6  coordinates  so  far  as  concerns  the 
equations  of  motion.  Thus,  although  the  position  of  any  part 
of  the  fluid  is  not  only  not  explicitly  specified,  but  is  actually 
indeterminate,  when  i/r,  ^, . . .  ^,  %',...  are  all  given,  we  may 
regard  ^,  ;;^  ...  as  specifying  all  tliat  it  is  necessary  for  us  to 
take  into  account  regarding  the  motion  of  the  liquid,  in  forming 
the  equations  of  motion  of  the  solids;  so  that  if  ^,  rj, . . . ,  and 
■^P",  <1> . . .  denote  the  generalized  components  of  momentum  and 
of  force  [Thomson  and  Tait,  §  313  («)  [b]]  relatively  to  ->|r,  (^..., 
and  if  /c,  /c', . . .  K,  K' . . .  denote  corresponding  elements  rela- 
tively to  X>  %'>  •  •  •  J  ^^'^  ^''"^^^  (Ilamiltonian  form  of  Lagrange's 
general  equations) 


dP      -Or      ,,,       d-n      HT       , 

dt   ^  dy}r~     '       dt   ^  dcj)  ' 

dfc       UT       ,,        dK'       bT       ,,, 


0) 


dt  ^  dx         '       dt       d-x!' 
where  T  denotes  the  whole  kinetic  energy  of  the  system,  and  TJ 
differentiation  on  the  hypothesis  of  ^,  t], . .  .  k,  k'  . . .  eoiistant. 

•  "Theory  of  Mngnelic  Indnrtion  incryslallinc  and  non-crystalline  siib- 
stancex,"  Phil.  Mii|:.,  Maieh  IH.'Jl  ;  "  Forres  c.xiitricnctd  by  itwhiclivelv 
inapni-tizcfl  iVno-nui<inctic  jnul  (liainafimtic  iioii-(  r\  stnlline  ^lll)^t!ln(•(•s,  ' 
riiil.  Mnj:..  Oct.  ll^.')**;  "  Hcciprociil  action  of  iliaiiiat;iulir  partirli's," 
riiil.  ]Maj.'.,  Ihc.  lS5r>;  all  to  lie  fdiiiul  in  a  (ollcdion  of  nprintrd  and 
newlv  written  jiapers  on  cUetrostatics  and  magnetism,  nearly  ready  for 
puhlieafion  (  Miic  iiiilliin,  1.^7-)- 

t  The  title  and  fir^t  jiart  (§•§  1  -13)  arc  new  ;  the  remainder  (§§  11, 15) 
was  rominnnieatcd  to  the  Hoval  Society  at  the  end  of  lft5.t  December. — 
W.  T.,  t^ei.tember  2r.,  187:?. 
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2.  To  illustrate  the  nieauing  of  'y^,  K,  k,  -^^j . . , ,  let  B  be  one 
of  the  pei-foniteJ  solids,  to  be  regarded  generally  as  movable, 
draw  an  iuiniatcrial  barrier  surface  £1  across  the  aperture  to 
which  they  are  related,  and  consider  this  barrier  fixed  rela- 
tively to  13.  Let  N  denote  the  normal  component  velocity, 
rejativcly  to  B  and  O  of  the  fluid  at  any  point  of  fl ;  and  let 
J  j  da  denote  integration  over  the  whole  area  of  H ;  then 

S^^da  =  x, (2) 

and 

X-Sd^SS^^^<^, (3) 

which  is  a  symbolical  expression  of  the  definition  of  ;^.  To  the 
surface  of  liquid  coinciding  with  D,  at  any  instant,  let  pressure 
be  applied  of  constant  value  K  per  unit  of  area,  over  the  whole 
area ;  and  at  the  same  time  let  force  (or  force  and  couple)  be  ap- 
plied to  B  equal  and  opposite  to  the  resultant  of  this  pressure 
supposed  for  a  moment  to  act  on  a  rigid  material  surface  fl 
rigidly  connected  with  B,  The  "  motive  "  (that  is  to  say,  system 
of  forces)  consisting  of  the  pressure  K  on  the  fluid  surface,  and 
force  and  couple  B  as  just  defined,  constitutes  the  generalized 
component  force  corresponding  to  ;^  [Thomson  and  Tait, 
§  313  (Z/)];  for  it  does  no  work  upon  any  motion  of  B  or  other 
bodies  of  the  system  if  x  is  kept  constant ;  and  if  ^  varies,  work 
is  done  at  the  rate 

K;!^  per  unit  of  time, 
whatever  other  motions  or  forces  there  may  be  in  the  system. 
Lastly,  calling  the  density  of  the  fluid  unity,  let  k  denote  "cir- 
culation"* [V.  M.  §  60  (ff)]t  of  the  fluid  in  any  circuit  crossing 
yS  once,  and  only  once;  it  is  this  which  constitutes  the  genera- 
lized component  momentum  relatively  to  v  [Thomson  and  Tait, 
§313  {e)];  for  (V.  M.  §  72)  we  have 


K=  I  Kdt, 


(^) 


if  the  system  given  at  rest  (or  in  any  state  of  motion  for  which 
K  =  0)  be  acted  on  by  the  motive  K  during  time  /J. 

''■  Or  \  Yds  if  F  tieaote  tlie  tangential  component  of  the  absohite  velo- 
city of  the  flniil  at  any  point  of  the  circuit,  and  I  ils  line  integration  once 
round  the  circuit. 

t  llefereuces  distinguished  by  the  initials  V.  I\r.  are  to  the  part  already 
publisliud  of  the  autlior's  i)a)K-r  on  Vortex  Motion  (Transactions  of  the 
Royal  Society  of  Edinburgh,  1S()7-S  and  18(;S-9). 

X  The  general  limitation,  for  imimlsive  action,  that  the  displ.icements 
effected  during  it  are  infinitely  small,  is  not  necessary  in  this  case.  Com- 
pare §  5  (11)  below. 
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3.  The  kinetic  energy  T  is,  of  course,  necessarily  a  quadratic 
function  of  the  gcncralii'cd  momentum-components  ^,7),...k,k'..,; 
v.'ith  coefficients  generally  functions  of  i/r,  (j), . . . ,  but  necessarily 
independent  of  ;)^,  ;^',  ....  In  consequence  of  this  peculiarity  it 
is  convenient  to  put 

where  Q,  €t  denote  two  quadratic  functions.  This  rve  may  clearly 
do,  because,' if  i  be  the  number  of  the  variables  ^,  Vf  •• '  >  and_;' 
the  number  of  «:,«',...,  the  whole  number  of  coefiicients  in  the 

single  quadratic  function  expressing  r  is  ,  which 

Is  equal  to  the  whole  number  of  the  coefficients  -^— — '-  +       « 

of  the  two  quadratic  functions,  together  with  the  2,^' available 
quantities  a,  ^, .  . .  a',  /3',  . . . ,  ... 

4.  The  meaning  of  the  quantities  a,  8, . . .  a', . . .  thus  intro- 
duced is  evident  when  we  remember  that 

dT      ,       dT      ■  JT      .      dT     .,  ,„< 

~dr^'  ^=^--'  -j^^^'  d>^'-=^"--  ^^'^ 

For,  differentiating  (5)  and  using  these,  we  find 

^  =  d^'      '^=drf> ('^ 


and  using  these  latter, 
(Ik 


;^=--— «t-/3<^-S:c.,     ^=-j^-u'f-/3'cl^-kc.,...  (8) 


Equations  (8)  show  that  —ayjr  ,  —  (-J^,  —a'^fr,  &c.  are  the  contri- 
buticms  to  the  tlux  across  il,  QI,  kc.  given  by  the  separate 
velocity-components  of  the  solids.  And  (7)  show  that  to  pre- 
vent the  solids  from  being  set  in  motion  when  imj)uls('s  k,  «',... 
arc  applied  to  the  liquid  at  the  barrier  surfaces,  we  must  apply 
to  them  impulses  expressed  by  the  equations 

^=«/c-|«V+&c.,     7;=;Qa:  +  /QV+&c (9) 

5.  To  form  the  equations  of  motion,  we  have  in  the  first  place 


■0,     4,  ={),...,        .     .     .     (10) 


and  therefore,  by  (1), 


dK     ,,       dx 


?r'<'  i='^'' (") 
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which  show  that  the  acceleration  of  k,  imdev  the  influence  of  K, 
follows  simply  the  law  of  acceleration  of  a  mass  nnder  the  influ- 
ence of  a  force.     Again  (for  the  motions  of  the  solids),  let 

^Q  —  ^—aic  —  a!ic'  —he,     't]Q-=i] —^k  —  /3'k' —  kc,  ,  . . ;      (12) 

QQ 

and  let  -,  t-,  &c.  denote  variations  of  Q  on  the  hypothesis  of  ^q, 

rJQ, . . .  each  constant. 

We  have  from  (5),  remembering  that  Vr  ^^-  denote  vaiia- 
tions  of  T,  on  the  hypothesis  of  ^,  y], . .  >  k,  k',  . .  .  constant, 

\(/f  ~  df        d^      ^''^dyjr  ^  "  rf^/,  "^  •  •  7 

77     \    dyjr  "^      d<jr  J  '      d\{r 

or,  by  (7), 

i(T       QQ      •/    du  du  \ 

;/  dlB        ,dl3'     „    \      p         iJ(n 
Hence,  by  (1), 

Now  remark  that,  according  to  the  notation  of  (12),  ^q,  rj^, . , , 
are  the  momentum-components  of  the  solids  due  to  their  own 
motion  alone  without  cyclic  motion  of  the  liquid  ;  and  therefore 
eliminate  f ,■??;...  by  (12)  from  (14).     Thus  we  iind 

+     &c.  =^J'-«...(I5) 
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wbich,  with  the  corresponding  equation  for  ^q  &c.,  and  with  (11) 
for  K,  k',  &c.,  arc  the  desired  equations  of  motion. 

6.  Tile  hypothetical  mode  of  application  of  K^  K',  . .  .  (§1) 
is  impossible;  and  every  other  (such  as  the  influence  of  gravity 
on  a  real  liquid  at  diflferent  temperatures  in  different  parts)  is 
impossible  for  our  ideal  "  liquid" — that  is  to  say,  a  homogeneous 
incompressible  perfect  fluid.  Hence  we  have  K  =  0,  K'  =  0,  and 
from  (11)  conclude  that  k,k',...  are  constants.  [They  are 
sometimes  called  the  "  cyclic  constants"  (V.  M.  §§  62-64) .]  The 
equation  of  motion  (15)  thus  becomes  simply 


djo 
dt 


+1 


+      &c. 


:^- 


(16) 


with  corresponding  equations  for  i^q,  ^q,  and  with  the  following 
relations  from  (7)  between  ^q,  ijq,  . . .  and  "^^  (/>,.. . 


7.  Let 


dQ 


=  f, 


dCl 


</>. 


dil 


^e,  &c. 


(17) 


fda       di3\        ,/du'        d/3'\      „     ,     ,  ,,        ,     .  .      ,     . 

'^  U  "  dJ  '^-"\d^  --      j  +  &c.bedenotedby  }0.f },    (18) 


d(p       d\jr/ 
SO  that  we  have 


dxjr        dyjr 


.     .     .      (19) 

These  quantities,  {(f), '^},  \0,yp-},  &c.,  linear  functions  of  the 
cyclic  constants,  with  coefficients  depending  on  the  configuration 
of  the  system,  arc;  to  be  generally  regard(!d  simjjly  as  given  func- 
tions of  the  coordinates  -v/^,  <p,0,  . . .;  and  the  equations  of  mo- 
tion are 


''^"    '-^|+^/''^^^Ht^..f}^  +  &e.  =  >P-5^, 


dl 
dt 


+  -^-\<l^,f\i-\{0,cl/,().\-^c.  =  @-^'^^ 


dO 


[  •  (20) 


In  llicse  (being  of  the  Ilaniiltonian  form)  Ci  is  regarded  as  a 
quadratic  fiiiietion  of  ^,„  7;,,,  ^„  .  •  .  witli  its  eoeflieieiits  functions 
cf  i/r,  <^,  6,  &c.  ;  and  JJ  applied  to  it  indicates  variations  of  these 
coeflicients.     If  now  we  eliminate  fo>  Vo*  ?o»  •  •  •  ^'""'"  ^^  '*y  ^''^ 
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linear  equations,  of  which  (17)  is  an  abbreviated  expression,  and 
so  have  Q  expressed  as  a  quadi-atic  function  of  -v/r,  <^,  ^,  . . . , 
with  its  coefficients  functions  of  xjr,  </>,  d,  &c. ;  and  if  we  denote 

by  -rr>  i—'  ^c.  variations  of  Q  depending  on  variations  of  these 
a(p    dy^ 

coefficients,  and  by  ~>  —. ,  &c.  variations  of  Q  depending  on 

dy\r   dcf) 
variations  of  yjr,  <j>,  &c.,  we  have  [compare  Thomson  and  Tait, 
§  329  (13)  and  (15)] 

rZQ  ^dQ,  -^ 

and 


dyjr  ~       f/-v|r       d(p  d(p' 

and  the  equations  of  motion  become 

d  dQ     dOt     ,.    .     •      ,.    .^.-  _p.     tie 


(21) 


.(22) 


The  first  members  here  are  of  Lagrange's  form,  with  the  remark- 
able addition  of  the  terms  involving  the  velocities  simply  (in 
multiplication  with  the  cyclic  constants)  depending  on  the  cyclic 
fluid  motion.     The  last  terms  of  tbe  second  members  contain 

traces  of  their  Hamiltonian  origin  m  the  symbols  -t-|->  — , . . . 

8.  As  a  first  application  of  these  equations,  let  -v/r^O,  <f>  =  0, 

6  =  0, ....  This  makes  ^o=Oj  '?o  =  ^'  •  -  -  >  ^^^  therefore  also 
Q  =  0;  and  the  equations  of  motion  (IG)  (now  equations  of  equi- 
librium of  the  solids  under  the  infiuence  of  applied  foi-ces  Sf ,  <I>, 
&c.  balancing  the  fluid  pressure  due  to  the  polycyclic  motion 
K,  /</,..,)  become 

^=  j^,     ^==    ~  &c.,     ....      (23) 

a  result  which  a  direct  application  of  the  principle  of  energy 
renders  obvious  (the  augmentation  of  the  whole  energy  produced 
Phil.  May.  S.  4.  Vol.  45.  No.  301.  Mmj  1873.      "        Z 
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by  an  infinitesimal  displacement^  Syjr,  is  -jj-  ^"^  >  and  "^Byjr  is  the 

work  done  by  the  applied  forces).  It  is  proved  in  §§  724-730 
of  a  volume  of  collected  papers  on  electricity  and  magnetism  soon 

to  be  published,  that  jy)  —tt)  &c.  are  the  components  of  the 

forces  experienced  by  bodies  of  perfect  diamagnetic  inductive 
capacity  placed  in  the  magnetic  field  analogous*  to  the  supposed 
cyclic  irrotational  motion.  Hence  the  motive  influence  of  the 
cyclic  motion  of  the  liquid  upon  the  solids  in  equilibrium  is  equal 
and  opposite  to  that  of  magnetism  in  the  magnetic  analogue. 

This  is  proposition  II.  of  the  paper  ''On  the  Forces  experi- 
ienced  by  Solids  immersed  in  a  Moving  Liquid/'  which  relates 
to  the  forces  required  to]  keep  the  movable  solids  at  rest.  The 
present  investigation  shovi^s  Prop.  II.  of  that  article  to  be  false. 
Compare  '  Reprint/  §  740. 

9.  Equations  (16)  for  the  case  of  a  single  perforated  movable 

solid  undisturbed  by  others,  agree  substantially  with  equations 

(6)  and  (14)   of  my  communication f  to  the  Royal  Society  of 

Edinburgh  of  February  1871.     The  ^qj  Vq)  '  "  of  the  present 

^T  clT 
article  correspond  to  the  -t-j  —r-,  &c.  of  the  former  :  the  ?,  «, . . . 
du     dv 

mean  the  same  in  both.  The  equations  now  demonstrated  con- 
stitute an  extension  of  the  theory  not  readily  discovered  or 
proved  by  that  simple  consideration  of  the  principle  of  momen- 
tum, and  moment  of  momentum,  on  which  alone  was  founded 
the  investigation  of  my  former  article. 

10.  Going  back  to  the  analytical  definition  of  (fii  in  §  3  (5), 
we  see  that,  when  none  of  the  movable  solids  is  perforated,  this 
configuratioual  function  is  equal  to  the  whole  kinetic  energy  (E) 
which  the  polycyclic  motion  would  have  were  there  no  movable 
solid,  diminished  by  the  energy  (W)  wliich  would  be  given  up 
were  the  liquid,  wliich  on  this  sujipositioii  flows  through  the 
space  of  the  movable  solid  or  solids,  suddenly  rigidificd  and 
brought  to  rest.     Tutting  then 

(!D=E-W, (21) 

and  remarking  that  E  is  independent  of  the  coordinates  of  the 
movable  solids,  we  may  put  — W  in  place  of  ^  in  the  equations 


*  Projiosition 
mcrscd  in  n  IVIov 


I.  of  nrticU;  "  On  the  l''orpes  cxpprienrcd  by  S<)]i<ls  im- 
'iiifr  T,i(|ui(l,"  I'rof.  Koy.  Sor.  I'ldiiil).  I'Vbniiirv  1S7<')  I't'- 
jiriiitcd  in  N'olniiu'  of  Klicdic  and  iMagni'tic  l*a|)(r.s,  §§  /•^•'^   J-l''. 

t  Sec  Proc.  Koy.  Soc.  Kdinb.  !^cssion  IHJO-/!,  or  reprint  in  IMiiloso- 
phical  Magazine,  November  1H71. 
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of  motion,  which  for  this  slight  modification  need  not  be  written 
out  again.  W  might  be  directly  defined  as  the  whole  quantity 
of  work  required  to  remove  the  movable  solids,  each  to  an  infi- 
nite distance  from  any  other  solid  having  a  perforation  with  cir- 
culation through  it;  and,  with  this  definition,  —  W  may  be  put 
for  ©  in  the  equations  of  motion  without  exclusion  of  cases  in 
which  there  is  circulation  through  apertures  in  movable  solids. 

11.  I  conclude  with  a  very  simple  case,  the  subject  of  my 
communication  to  the  Royal  Society  of  last  December,  in  which 
the  result  was  given  without  proof.  Let  there  be  only  one 
moving  body,  and  it  spherical;  let  the  perforated  solid  or  solids 
be  reduced  to  an  infinitely  fine  immovable  rigid  curve  or  group 
of  curves  (endless,  of  course — that  is,  either  finite  and  closed  or 
infinite),  and  let  there  be  no  other  fixed  solid.  The  rigid  curve 
or  curves  will  be  called  the  "core"  or  "cores,"  as  their  part  is 
simply  that  of  core  for  the  cyclic  or  polycyclic  motion.  In  this 
case  it  is  convenient  to  take  for  -v/r,  0,  6  the  rectangular  coordi- 
nates {cc,  y,  z)  of  the  centre  of  the  movable  globe.  Then,  because 
the  cores,  being  infinitely  fine,  ofi'er  no  obstruction  to  the  mo- 
tion of  the  liquid,  making  way  for  the  globe  moving  through  it, 
we  have 

Q=:X.r2+y2+i2^ (25) 

where  m  denotes  the  mass  of  the  globe,  together  with  half  that 
of  its  bulk  of  the  fluid.     Hence 


'^Q-n     ^-n     '^Q-n 
dx  ~^'     dy  -^'     H  -^' 


and  -,  f      dQ 


(26) 


A  further  great  simplification  occurs,  because  in  the  present 
case  «d'>lf  +  ^d(f)+  ... ,  or,  as  we  now  have  it,  adx  + /3dy  +  ydz 
is  a  complete  difierential'*''.  To  prove  this,  let  V  be  the  velocity- 
potential  at  any  point  {a,  b,  c)  due  to  the  motion  of  the  globe, 
irrespectively  of  any  cyclic  motion  of  the  liquid.    We  have 

,,     I    a/ .  d        .  d       .  d\\ 

where  r  denotes  the  radius  of  the  globe,  and 

J)  =  {[x-aY^[y-h)^-^{z-cf]K 

*  Which  tncnns  that  if  llie  ^lohc,  after  any  motion  whatever,  great  or 
small,  comes  agiiin  to  a  i)osition  in  which  it  has  been  before,  the  integral 
quantity  of  hquid  which  this  motion  has  caused  to  cross  any  fi.\ed  area  is 
zero, 

Z2 
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Hence,  if  N  denote  the  component  velocity  of  the  liquid  at  {a,b,  c) 
in  any  direction  \,  ft,  v,  wc  have 


where 


Let  now  {a,  b,  c)  be  any  point  of  the  barrier  surface  H  (§  2),  and 
\  fi,  V  the  direction-cosines  of  the  normal.  By  (2)  of  §  2  we 
see  that  the  part  of  x  ^^^  to  the  motion  of  the  globe  is  f[  N^cr, 
or,  by  (26), 

Hence,  putting 

we  see  by  (8)  of  §  4  that 

JTT  JIT 

.     .     (29) 
instead  of 

By  this  and  (25)  the  equations  of  motion  (22)  with  (24)  become 
simply 

d-'x     ^^-aW         dhj     ,,     iW         d'^z      „     UW     ._. 

These  equations  express  that  the  globe  moves  as  a  material  par- 
ticle of  mass  m,  with  the  forces  (X,  Y,  Z)  expressly  applied  to  it, 
would  move  in  a  "  fit-Id  of  forcc,^'  having  W  for  potential. 

12.  The  value  of  W  is,  of  course,  easily  found  by  aid  of  sphe- 
rical harmonics  from  the  velocity-potential,  1',  of  the  ])olycyclic 
motion  which  would  exist  were  the  globe  removed,  and  which  we 
must  .suppose  known  ;  and  in  working  it  out  (see  next  paragraph) 
it  is  readily  seen  that  if,  for  the  hy|)othetical  undisturbed  motion 
q  denote  the  fluid  velocity  at  the  point  really  occupied  by  the 
centre  of  the  rigid  globe,  we  have 

W^lfKl^  +  w, (31) 

where  fi  denotes  once  and  a  Jnilf  the  volume  of  the  globe, 
and  XV  denotes  the  kinetic  energy  of  what  we  may  call  the  in- 
ternal motion  of  the  liquid  occupying  for  an  instant  in  the  un- 


a  = 

d\] 

'^      dx ' 

/3= 

=  — 

dV 

7=- 

dz 

Hence 

with 

the 

notation 

of 

§" 

(18) 

for  X, 

y," 
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disturbed  motion  the  space  of  the  rigid  globe  iu  the  real  system. 
To  define  w,  remark  that  the  harmouic  analysis  proves  the  velo- 
city of  the  centre  of  inertia  of  an  irrotationally  moving  liquid 
globe  to  be  equal  to  q,  the  velocity  of  the  liquid  at  its  centre* ; 
and  consider  the  velocity  of  any  ])art  of  the  liquid  sphere^  rela- 
tively to  a  rigid  body  moving  with  the  velocity  q.  The  kinetic 
energy  of  this  relative  motion  is  what  is  denoted  by  w.  Remark 
also  that  if,  by  mutual  forces  between  its  parts,  the  liquid  globe 
were  suddenly  rigidined,  the  velocity  of  the  whole  would  be  equal 
to  q;  and  that  ^nuf  is  the  work  given  up  by  the  rigidified  globe 
and  surrounding  liquid  when  the  globe  is  suddenly  brought  to 
rest,  being  the  same  as  the  work  required  to  start  the  globe  with 
velocity  q  from  rest  in  a  motionless  liquid. 

Let  P  +  i/r  be  the  velocity-potential  at  {x,y,  z)  iu  the  actual 
motion  of  the  liquid  when  the  rigid  globe  is  fixed.  Let  a  be 
the  radius  of  the  globe,  ;•  distance  of  {x,  y,  z)  from  its  centre, 
and  \  \  da  integration  over  its  surface.  At  any  point  of  the  sur- 
face of  the  instantaneous  liquid  globe  the  component  velocity 
perpendicular  to  the  spherical  surface  in  the  undisturbed  motion 

is  (  —  j      ;  and  hence  the  impulsive  pressure  on  the  spherical 

surface  required  to  change  the  velocity-potential  of  the  external 
liquid  from  P  to  P-f  i/^,  being  — -^^  undergoes  an  amount  of 
work  equal  to  n^  \  ^p 

in  reducing  the  normal  component  from  that  value  to  zero.  On 
the  other  hand,  the  internal  velocity-potential  is  reduced  from  P 
to  zero  ;  and  the  work  undone  in  this  process  is 


Hence 


-5(p.(r*tlf.     ....   0!) 

The  condition  that  with  velocity-potential  P-fi/r  there  is  no  flow- 
perpendicular  to  the  spherical  surface  gives 

/dV       dylr\ 

iw+'^Lr'' (»3) 

*  This  follows  immediately  from  tlic  proposition  (Thomson  and  Tait's 
'  Natural  Philosophy,'   §  49G)  that  any  funetion  V,  satisfvine:  Laplace's 

d'\    ,  f/-'V    ,   rf-V 
equation  -j^  +  -^--^  +  -j^  throughout  a  spherical  space,   has  for  its 

'  rfP 

mean  value  through  this  space  its  value  at  the  centre;  for  -r-  satisfies 
Laplace's  equation. 
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(31) 


be  the  spherical  hai-inonic  developments  of  P  and  -v/r  relatively 
to  the  centre  of  the  rigid  globe  as  origin — the  former  necessarily 
convergent  throughout  the  largest  spherical  space  which  can  be 
described  from  this  point  as  centre  without  enclosing  any  part 
of  the  core^  the  latter  necessarily  convergent  throughout  space 
external  to  the  sphere.     By  (33)  we  have 


Hence  (32)  gives 

which,  by 
becomes 


^,=  — —  P. 


(35) 


w=  J-s'^ 


(36) 


"Now,  remarking  that  a  solid  si)hcrical  harmonic  of  the  first  de- 
gree may  be  any  linear  function  of  x,  y,  z,  put 


P, -ssAaj  +  By  +  Cz, 


(37) 


5«=AHB«  +  C2, 


which  gives 

and 

i  (  \d(jV\  =  (A^  +  W  4-  C-)  .  ^  •  I  i  da  =  if-  X  vol.  of  globe  =  |/i(/^ 

Ilencc,  by  (30), 

w=J.r+ifjV(-^P5+'/i«+...);.C3B) 

and  therefore,  by  comparison  with  (31), 

,„=yy,fa('-.;^«+2;^^- +...).  .   .   .   (39) 

13.  When  the  radius  of  the  globe  is  infinitely  smnli, 

W=ipy^ W 

where  /i  denotes  once  and  a  half  the  volume  of  the  globule, 
and  q  the  undisturbed  velocity  of  the  fluid  in  its  neighbourhood. 
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This  corresponds  to  the  formula  which  I  gave  twenty-five  years 
ago  for  the  force  experienced  by  a  small  sphere  (whether  of  fer- 
romagnetic or  diamagnetic  non-crystalline  substance)  in  virtue 
of  the  inductive  influence  which  it  experiences  in  a  magnetic 
iield*. 

14.  By  taking  an  infinite  straight  line  for  the  core  a  simple 
but  very  important  example  is  afl'orded.  In  this  case  the  undis- 
turbed motion  of  the  fluid  is  in  circles  having  their  centres  in 
the  core  (or  axis  as  we  may  now  call  it)  and  their  planes  perpen- 
dicular to  it.  As  is  well  known,  the  velocity  of  irrotational 
revolution  round  a  straight  axis  is  inversely  proportional  to  dis- 
tance from  the  axis.  Hence  the  potential  function  W  for  the 
force  experienced  by  an  infinitesimal  solid  sphere  in  the  fluid  is 
inversely  as  the  square  of  the  distance  of  its  centre  from  the 
axis;  and  therefore  the  force  is  inversely  as  the  cube  of  the  dis- 
tance, and  is  towards  the  nearest  point  of  the  axis.  Hence, 
when  the  globule  moves  in  a  plane  perpendicular  to  the  axis,  it 
describes  one  or  other  of  the  forms  of  Cotesian  spiralsf.  If  it 
be  projected  obliquely  to  the  axis,  the  component  velocity  pa- 
rallel to  the  axis  will  remain  constant,  and  the  other  component 
will  be  unaffected  by  that  one ;  so  that  the  projection  of  the 
globule  on  the  plane  perpendicular  to  the  axis  will  always  de- 
scribe the  same  Cotesian  spiral  as  would  be  described  were  there 
no  motion  parallel  to  the  axis.  If  the  globule  be  left  to  itself 
in  any  position,  it  will  commence  moving  towards  the  axis  as  if 
attracted  by  a  force  varying  inversely  as  the  cube  of  the  distance. 
It  is  remarkable  that  it  traverses  at  right  angles  an  increasing 
liquid  current  without  any  applied  force  to  prevent  it  from  being 
(as  we  might  erroneously  at  first  sight  expect  it  to  be)  carried 
sideways  with  the  augmented  stream.  A  properly  trained  dy- 
namical intelligence  would  at  once  perceive  that  the  constancy 
of  moment  of  momentum  round  the  axis  requires  the  globule  to 
move  directly  towards  it. 

15.  Suppose  now  the  globule  to  be  of  the  same  density  as  the 
liquid.  If  (being  infinitely  small)  it  is  projected  in  the  direction 
and  with  the  velocity  of  the  liquid's  motion,  it  will  move  round 
the  axis  in  the  same  circle  with  the  liquid ;  but  this  motion 
would  be  unstable  [and  the  neglected  term  w  (39)  adds  to  the 

*  "  On  the  Forces  experienced  by  small  Spheres  under  Magnetic  In- 
fluence, and  some  of  the  Phenomena  presented  by  Diamagnetic  Sub- 
stances," Cambridge  and  Dublin  Mathematical  Journal,  May  1S-J7;  imd 
"  Remarks  on  the  Forces  experienced  by  Inductively  Maguctized  Ferro- 
magnetic or  Diamagnetic  Non- crystalline  Substances,"  Phil.  Mag.  October 
1850.  Reprint  of  papers  on  Electrostatics  and  Magnetism,  §§  6cJ4-668. 
Macmillan,  18/2. 

t  TaU  and  Steele's  *  Dynamics  of  a  Particle,'  §  149  (15). 
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instability].  Compare  Tait  and  Steele's  'Dynamics  of  a  Par- 
ticle/ §  149  (15),  Species  IV.,  case  A=0  and  AB  finite;  also 
limiting  variety  between  Species  I.  and  Species  V.  The  glo- 
bule will  describe  the  same  circle  in  the  opposite  direction  if 
projected  with  the  same  velocity  opposite  to  that  of  the  fluid. 
If  the  globule  be  projected  either  in  the  direction  of  the  liquid's 
motion  or  opposite  to  it  "with  a  velocity  less  than  that  of  the 
liquid,  it  will  move  along  the  Cotesian  spiral  (Species  I.  of  Tait 
and  Steele)  from  apse  to  centre  in  a  finite  time  with  an  infinite 
number  of  turns.  If  it  be  projected  in  either  of  those  directions 
with  a  velocity  greater  by  v  than  that  of  the  liquid,  it  will  move 
along  the  Cotesian  spiral  (Species  V.  of  Tait  and  Steele)  from 
apse  to  asymptote.  Its  velocity  along  the  asymptote  at  an  infi- 
nite distance  from  the  axis  will  be 


x/^C-'+^J' 


and  the  distance  of  the  asymptote  from  the  axis  will  be 

^+o — 
2'7ra 


\/''("+  ^J 


K 


where  a  denotes  the  distance  of  the  apse  from  the  axis,  and  ^ 

the  velocity  of  the  liquid  at  that  distance  from  the  axis.  If  the 
globule  be  projected  from  any  point  in  the  direction  of  any 
straight  line  whose  shortest  distance  from  the  axis  is  p,  it  will 
be  drawn  into  the  vortex  or  escape  from  it,  according  as  the 
component  velocity  in  the  plane  perpendicular  to  the  axis  is  less 

or  greater  than  - — .     It  is  to  be  remarked  that,  in  every  case  in 

which  the  globule  is  drawn  in  to  the  axis  (except  the  extreme 
one  in  which  its  velocity  is  infinitely  little  less  than  that  of  the 
fluid,  and  its  spiral  ])ath  infinitely  nearly  perpendicular  to  the 
radius  vector),  the  spiral  by  which  it  approaches,  although  it  has 
always  an  infinite  number  of  convolutions,  is  of  finite  length, 
and  therefore,  of  course,  the  time  taken  to  reach  the  axis  is  finite. 
Considering,  for  simplicity,  motion  in  a  plane  peri)cndic\dar  to 
the  axis,  at  any  point  infinitely  distant  from  the  axis  let  the  glo- 
bule be  j)r()jccted  with  a  velocity  v  along  a  line  passing  at 
distance;/  on  either  side  of  the  axis.  Then  if  t  denote  the  ve- 
locity of  the  fluid  at  distance  unity  from  the  axis  [which  is  equal 

to  s-]>  aod  if  wc  i)ut  o 

^-^  «''=i-4-,' {'^i) 
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the  polar  equation  of  the  path  is 

r=.-J!P^ (42) 

cos  nd 

Hence  the  nearest  approach  to  the  axis  attained  by  the  globule 
Is  r-d  the  .hole' change  of  direction  which  U  expenences  is 

^(-1:  _  1  y  The  case  of  i  =3-3  is  represented  in  the  annexed 
diagram,  copied  from  Tait  and  Steele's  book  [§  U9  (15), 
Species  V.]. 


XLII    On  the  Absorption  of  the  Chemically  Active  Bays  in  the 

Sun's  Atmosphere.     By  U.  C.  Vogel*. 
TT  has  been  observed  by  Bouguer  that  the  light  emitted  by 
J      the  sun  is  less  intense  near  the  edges  of  the  solar  disk  than 
in  the  middle,  in  consequence  of  the  absorption  in  the  atmo- 
sphere  surrounding  the  sun.  Photometric  measurements  showed 
that  the  intensity  of  the  light  emitted  by  a  point  situated  in  the 
centre  of  the  solar  disk  is  to  that  emitted  by  a  point  situated  at 
a  distance  of  three  fourths  of  the  solar  radius  from  the  cen  re  as 
48  is  to  35.     Observations  to  this  effect  have  been  made  lately 
bv  Secchit  and  LiaisJ.     Secchi  has  extended  these  observations 
to  the  heat-rays,  the  absorption  of  which  he  tried  to  determine. 
It  mi-ht  be  of  interest  to  extend  the  observations  to  the  che- 
mically Active  and  more  refrangible  rays.     Although  every  pho- 
tographic image  of  the   sun  shows  a  very  strong  decrease  of 
li-ht  towards  the  border  of  the  sun's  disk,  the  absorbing-power 
of  the  sun's  atmosphere  for  chemically  active  rays  has  never  been 

*  Translated  by  Arthur  Schuster,  Ph.D.,  from  Poggendorff's  Annahn, 
1873,  No.  1. 

t  ^Sut  nntenli'th-elative  do  la  Lumierc  dans  Ics  divers  points  du 
disque  du  Soleil,"  Mem.  Cherbourg,  vol.  xu.  (18()(>)  pp.  2//-34-. 
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determined.     I  have  endeavoured  to  solve  this  question,  and 
take  the  liberty  to  communicate  now  my  observations. 

Herschel*,  Glaudetf,  and  others  have  already  tried  to  deter- 
mine the  intensity  of  light  by  photographic  colouring;  but  the 
experiments  did  not  succeed  in  consequence  of  the  difficulty  of  pre- 
paring a  photographic  layer  of  the  same  sensitiveness  throughout, 
and  of  discovering  a  law  connecting  the  time  of  exposure,  intensity 
of  light,  and  the  shade  of  tint  of  the  photographic  paper.  The 
photochemical  researches  of  Bunsen  and  lloscoej  have  even 
shown  that  no  proportionality  exists  between  the  intensity  of  the 
light  and  the  tint  of  the  photographic  paper  after  a  certain 
time  of  insolation.  Their  observations,  which  were  made  with 
great  care,  showed  ''that  equal  products  of  the  intensity  of  the 
lif/ht  into  the  times  of  insolation  correspond  ivithin  very  wide  limits 
to  equal  shades  of  tints  produced  on  chloride-of-silver  paper  of 
uniform  sensitiveness."  Calling  the  intensity  of  light  I,  and  the 
time  of  insolation  t,  the  equation  I/=I,/i  exists  for  equal  shades. 
By  the  discovery  of  this  important  law  we  are  enabled  to  express 
the  intensity  of  light  in  comparable  measures. 

The  observations  of  Bunsen  and  Roscoe  only  relate  to  the 
chloride-of-silvcr  paper,  but  do  not  remain  valuable  for  photo- 
graphs on  collodion,  since  the  development  of  the  image  on  collo- 
dion changes  the  relative  intensity  of  the  shades,  as  is  known  to 
every  photographer.  I  have  therefore  prepared  photographs  of 
the  sun  on  chloridc-of-silver  paper  in  order  to  measure  the  in- 
tensity of  the  light  emitted  by  different  points  of  the  sun's  disk. 

The  paper  was  carefully  prepared,  stretched  over  a  plate  of 
glass,  and  exposed  in  the  camera  fixed  to  the  telescope.  Two 
images  of  the  sun  were  prepared  on  the  8th  of  March,  187^ ; 
one  was  exposed  during  30  seconds,  the  other  during  40 
seconds.  The  diameter  of  the  images  was  108  millims. ;  the 
weakening  of  the  light  towards  the  edge  of  the  disk  was  clearly 
seen  in  both.  I  then  determined  four  points  of  equal  intensity 
by  a  scale  prepared  photographically  §.  AVe  assume  that  the 
intensity  i  of  the  light  used  for  the  preparation  of  the  scale  was 
constant,  and  that  the  time  /  of  exposure  was  the  same  for  all 
])oints  of  the  sun's  image.  If  Iq  is  the  intensity  of  the  light  iu 
the  iniddle  of  the  sun's  disk,  I,  that  at  another  point,  wc  have 

1^,/  =  //,, 
I,/ =  2/2, 

*  riiil.  Trans.  1810,  \).  4fi.  t  Pl>il.  Mng.  vol.  xxxiii.  p.  3;in. 

X   Voi!:,i(.  Ann.  vn\.  vw'i'i.  \i.  '>i29. 

§  I  tliiiik  it,  supciiluous  to  frivo  n  detailed  description  of  the  manner  in 
wliicli  the  scale  was  pieiiured  and  the  comparison  with  the  snn's  innij^'e 
made,  us  the  method  was  in  genernl  the  same  us  that  used  hy  Uinisen  and 
Koseoe,  and  described  hy  them  accnrntely  in  their  '  I'hotochemicul  lle- 
scarchcs,* 
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I  have  collected  the  observations,  which  seem  to  me  pretty 
consistent,  in  the  following  Table.  The  numbers  given  by  the 
readings  of  the  scale  have  been  reduced  so  as  to  make  the  inten- 
sity in  the  middle  of  the  disk  equal  to  100. 


Distance  from 
centre. 


Radius  =54. 


0 

4 

8 

9 
11 
12 
13 
15 
16 
17 
19 
20 
21 
23 
24 
25 
27 
28 
29 
31 
32 
33 
35 
3G 
37 
39 
40 
41 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
53-; 


Intensities. 


First  iraaare. 


1000« 
lUOO 


990 
98-9 

979 
97-9 

95 -6 
95-6 

93-4 
934 

933 
90-4 

85-9 
83-7 

78  5 
77-2 

'75O 
68-8 

64-6 
60-3 

53  1 

45'8 

37'3 

29  8 

"i5-9 
107 


Second  image. 


1000 
990 
97-9 


1000 

95-8 

95  0 

901 

85-4 

84-5 

781 

67-7 

56-4 
48-4 


41-5 

25-3 

180 
101 


The  observations  were  repeated  on  the  13th  of  March.     Two 

*  In  the  observations  the  relative  intensities  were  only  expressed  bv 
whole  numbers;  the  decimals  in  the  Table  arise  from  the  reduction. 
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sheets  of  paper  were  again  exposed  during  30  and  40  seconds. 
The  numbers  given  in  the  following  Table  were  calculated  by 
taking  the  mean  of  four  observations,  which  were  taken  by  de- 
termining the  intensity  on  four  points  at  equal  distances  from 
the  sun,  and  situated  on  two  diameters  at  right  angles  to  each 
other. 


Distance  from  centre. 

Intensities. 

Radius  =54. 

0 

1000 

4 

1000 

14 

98-9 

24 

94-3 

34 

78-5 

40 

700 

45 

53-9 

47 

400 

49 

32-6 

51 

28-6 

53 

187 

In  the  first  days  of  the  month  of  May  numerous  observations 
were  made  on  photographs  taken  in  the  focus  of  the  large  equa- 
torial instrument,  which  have  only  a  diameter  of  45*4  millims. 
In  order  to  be  able  to  compare  these  observations  with  those  just 
given,  I  have  assumed  their  radius  to  be  54,  and  reduced  the 

observations  by   multiplying  them  with  -^^'     The  numbers 

given  are  the  means  of  eight  observations  on  six  photographs. 


Distance  from  centre. 

Intensities. 

Radius  =54. 

00 
11-9 

2;{-8 

.'{5  7 
47-(; 
51fi 
52S 

100  0 
98;} 
9;j<) 
780 
49-9 
22(» 
14-5 

On  the  5th  of  ]\Iay  a  magnified  photograph  was  taken,  and 
the  relative  intensity  was  measured  on  ])oints  lying  symmetri- 
cally from  the  centre  on  a  diameter.  The  diameter  of  the  pho- 
tograph was  1021).  The  tints  were  compared  with  two  scales 
prepared  at  different  times. 
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Distance  from 
centre. 

Intensities. 

■ 

Radius  =54. 

Scale  1. 

Scale  2. 

00 
10-5 
210 
315 
41-9 
472 
525 
53-5 

100  0 
98-4 
900 
843 
65-9 
490 
281 
188 

1000 
99  0 
941 
86-3 
C8-3 
480 
307 
195 

I  have  tried  to  determine  the  relative  intensities  of  the  larger 
sun-spots,  their  pcnumbrK,  and  the  adjoining  surface  of  the  sun. 
The  mean  of  several  observations  showed  the  ratio  of  the  inten- 
sity of  the  spot  to  the  adjoining  parts  of  the  sua's  surface  to  be 
0-067;  that  of  the  penumbra  was  0-630*. 

If  we  take  the  distance  from  the  centre  as  abscissa,  the  in-« 
tensity  as  ordinate,  we  obtain  a  curve  showing  the  decrease  of 
the  intensity  from  the  centre  of  the  sun's  disk.  The  ordinates  I 
of  the  curve  which  agrees  best  with  the  observations  have  beea 
determined  as  follows  for  the  distances  E  from  the  centre : — 


E  =  sin  9. 

9. 

I. 

Radius  =  12. 

0 

0     00 

1000 

1 

4  46-8 

1000 

2 

9  35-7 

99-4 

3 

14  28  6 

98-2 

4 

19  283 

964 

5 

24  37  5 

937 

6 

30    00 

89-8 

7 

35  41-2 

84  5 

8 

41  48l> 

770 

9 

48  35  4 

CfiO 

10 

5(;  2rt(J 

51  0 

11 

60  20  G 

330 

12 

90    00 

135 

If  we  compare  the  above  observations  with  those  made  by 
Liais,  Secchi,  and  others  for  the  less-refrangible  rays  {i.e.  the  opti- 
cally active  heating  rays),  we  see  that  the  absorption  for  chemi- 
cally active  rays  is  considerably  larger. 

*  The  observations  must  only  be  considered  preliminary,  and  will  be 
repeated  as  soon  as  large  sun-spots  appear.  Liais  [l.  c.  p.  ,i27)  determines 
the  ratio  of  the  intensity  of  light  of  a  spot  to  the  adjoining  parts  of  the 
sun's  disk  to  be  0-091  for  rays  of  meau  refrangibilitv,  and  that  of  the  »e- 
numbra  0-5.  '  ^^ 
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If  these  researches  were  executed  for  homogeneous  rays^  we 
might  obtain  interesting  information  as  to  the  constitution  of 
the  sun^s  atmosphere. 


The  author  of  the  above  paper  seems  to  have  been  unaware 
of  the  observations  taken  by  Professor  Roscoe  in  1863  and  com- 
municated to  the  Royal  Society  (see  Phil.  Mag.  vol.  xxvii.  p. 384). 
Professor  Roscoe  has  proved  that  the  intensity  of  the  chemically 
active  rays  at  the  centre  of  the  sun  is  greater  than  at  the  edge 
of  the  disk.  The  absorption  of  the  sun's  atmosphere,  according 
to  Professor  Roscoe's  experiments,  is  not  so  large  as  that  result- 
ing from  Vogel's  observations.  Calling  the  intensity  at  the 
centre  of  the  solar  disk  100,  the  mean  of  Roscoe's  observations 
gives  about  28  for  the  intensity  at  the  edge,  while  Vogel  gives  13. 
The  discrepancy  may  be  partly  accounted  for  by  the  rapid  de- 
crease in  the  intensity  near  the  edge ;  but  it  is  likely  that  this  is 
not  the  full  explanation  of  it.  Vogel  does  not  state  whether  he 
used  a  refracting  or  a  reflecting  telescope.  Suppose  he  used  a 
reflecting  one,  the  mean  wave-length  of  the  rays  the  intensity 
of  which  he  measured  would  be  smaller  than  that  of  the  rays 
measured  by  Roscoe,  who  used  a  refracting  telescope ;  and  if 
this  should  be  so,  it  will  add  another  proof  of  the|^fact  that  the 
smaller  the  wave-length  the  greater  is  its  absorption. — Arthur 
Schuster,  Ph.D. 


XLIir.  On  the  Effects  of  Magnetization  in  changing  the  Dimen- 
sions of  Iron,  Steel,  and  Bismuth  bars,  and  in  increasing  the 
Interior  Capacity  of  Hollow  Iron  Cylinders. — Part  I.  By 
Alfred  M.  Mayer,  Ph.D.,  Professor  of  Physics  in  the  Ste- 
vens Institute  of  Technology,  Hoboken,  New  Jersey,  U.S.A.*. 

I  PURPOSE  giving,  in  a  series  of  papers,  the  results  of  a 
prolonged  and  careful  research  on  the  above  subject.' 

Introduction. — In  1842  Joule  discovered  that  when  a  current 
of  electricity  was  passed  through  a  helix  which  enclosed  a  bar  of 
iron,  the  latter,  on  its  magnetization,  suddenly  elongated  a  mi- 
nute fraction  of  its  length. 

To  present  clearly  Dr.  Joule's  exiierimcnta,  wc  will  give  these 
abstracts  from  tlic  excellent  ])apcr  which  he  j)ublished  in  the 
Philosophical  Magazine  in  1817: — 

"In  order  to  ascertain  how  far  my  ojjinion  as  to  the  invari- 
nbilitv  of  tlu;  /mlk  of  a  bar  of  iron  under  magnetic  influence  was 
well  founded,  1  devised  the  following  api)aratus.     Ten  copper 

*  Coinnuinirnteil  by  the  Aiitlior,  linvinp  Iji'cii  read  before  tlic  Xiitioiinl 
Acadeinv  of  Sciences  in  Canibritljre,  Miissaehiisells,  Novcnil)er  L'L',  1H7-. 
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wires,  each  110  yards  long  aud  -^  of  an  inch  in  diameter, 
were  bound  together  by  tape  so  as  to  form  a  good  and  at  the 
same  time  very  tlexible  conductor.  Tlie  bundle  of  wires  thus 
formed  was  coiled  upon  a  glass  tube  40  inches  long  and  li  inch 
in  diameter.  One  end  of  the  tube  was  hermetically  sealed;  and 
the  other  end  was  furnished  with  a  glass  stopper,  which  was  itself 
perforated  so  as  to  admit  of  the  insertion  of  a  capillary  tube.  In 
making  the  experiments,  a  bar  of  annealed  iron,  1  yard  long  and 
i  an  inch  square,  was  placed  in  the  tube,  which  was  then  tilled 
up  with  water.  The  stopper  was  then  adjusted,  and  the  capil- 
lary tube  inserted  so  as  to  force  the  water  to  a  convenient  height 
within  it. 

"  The  bulk  of  the  iron  was  about  4,500,000  times  the  capacity 
of  each  division  of  the  graduated  tube;  consequently  a  very 
minute  expansion  of  the  former  would  have  produced  a  very 
perceptible  motion  of  the  water  in  the  capillary  tube ;  but,  on 
connecting  the  coil  with  a  DanielFs  battery  of  live  or  six  cells 
(a  voltaic  apparatus  quite  adequate  to  saturate  the  iron),  no  per- 
ceptible effect  whatever  was  produced  either  in  making  or  break- 
ing contact  with  the  battery,  whether  the  vrater  was  stationary 
in  the  stem,  or  gradually  rising  or  falling  from  a  change  of 
temperature.  Now,  had  the  usual  increase  of  length  been  un- 
accompanied by  a  corresponding  diminution  of  the  diameter  of 
the  bar,  the  water  would  have  been  forced  through  twenty  divi- 
sions of  the  capillary  tube  every  time  that  contact  was  made  with 
the  battery. 

"  Having  thus  ascertained  that  the  bulk  of  the  bar  was  inva- 
riable, I  proceeded  to  repeat  my  first  experiments  with  a  more 
delicate  apparatus,  in  order,  by  a  more  careful  investigation  of 
the  laws  of  the  increment  of  length,  to  ascend  to  the  probable 
cause  of  the  phenomenon. 

"A  coiled  glass  tube,  similar  to  that  already  described,  was 
fixed  vertically  in  a  wooden  frame.  Its  length  was  such  that 
when  a  bar  1  yard  long  was  introduced  so  as  to  rest  on  the 
sealed  end,  each  extremity  of  the  bar  was  a  full  inch  within  the 
corresponding  extremity  of  the  coil.  The  apparatus  for  obser- 
ving the  increment  of  length  consisted  of  two  levers  of  the  first 
order,  and  a  powerful  microscope  situated  at  the  extremity  of  the 
second  lever.  These  levers  were  furnished  with  brass  knife-edges 
resting  upon  glass.  The  connexion  between  the  free  extremity 
of  the  bar  of  iron  and  tlic  first  lever,  and  that  between  the  two 
levers,  was  established  by  means  of  exceedingly  fine  platinum 
wires. 

"  The  first  lever  multiplied  the  motion  of  the  extremity  of  the 
bar  7"8  times;  the  second  multiplied  the  motion  of  the  first  8 
times;  and  the  microscope  was  furnished  with  a  micrometer  di- 
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vided  into  parts  each  correspondiDg  to  12020  of  ^^  inch.  Con- 
sequently each  division  of  the  micrometer  passed  over  by  the 
index  indicated  an  increment  of  the  length  of  the  bar  amounting 

"  The  quantities  of  electricity  passing  through  the  coil  were 
measured  by  an  accurate  galvanometer  of  tangents,  consisting 
of  a  circle  of  thick  copper  wire  1  foot  in  diameter,  and  a  needle 
•|  an  inch  long  furnished  with  a  suitable  index. 

"  The  quantities  of  magnetic  polarity  communicated  to  the 
iron  bar  were  measured  by  a  finely  suspended  magnet  18  inches 
long,  placed  at  the  distance  of  1  foot  from  the  centre  of  the  coil. 
This  magnetic  bar  was  furnished  with  scales  precisely  in  the 
manner  of  an  ordinary  balance;  and  the  weight  required  to  bring 
it  to  ahorizoutal  position  indicated  the  intensity  of  the  magnetism 
of  the  iron  bar  under  examination. 

"  After  a  few  preliminary  trials,  a  great  advantage  was  found 
to  result  from  filling  the  tube  with  water.  The  effect  of  the 
water  was,  as  De  la  Hive  had  already  remarked,  to  prevent  the 
sound.  It  also  checked  the  oscillations  of  the  index,  and  had 
the  important  efiFect  of  preventing  any  considerable  irregularities 
in  the  temperature  of  the  bar. 

"  The  first  experiment  which  I  shall  record  was  made  with  a 
bar  consisting  of  two  pieces  of  well-annealed  rectangular  iron 
wire,  each  1  yard  long,  \  of  an  inch  broad,  and  about  ^^  of  an 
inch  thick.  The  pieces  were  fastened  together  so  as  to  form  a 
bar  of  nearly  ^  of  an  inch  square.  The  coil  was  placed  in  con- 
nexion with  a  single  constant  cell,  the  resistance  being  further 
increased  by  the  addition  of  a  few  feet  of  fine  wire.  The  instant 
that  the  circuit  was  closed,  the  index  passed  over  one  division  of 
the  micrometer.  Tlie  needle  of  the  galvanometer  was  then  ob- 
served to  stand  at  7°  20',  while  the  magnetic  balance  required 
0"52  of  a  grain  to  bring  it  to  an  equilibrium.  It  had  been 
found  by  proper  experiments  that  a  current  of  7°  20'  passing 
through  the  coil  was  itself  capable  of  exerting  a  force  of  0*03  of 
a  grain  upon  the  balance ;  consequently  the  magnetic  intensity 
of  the  bar  was  represented  by  049  of  a  grain.  On  breaking  the 
circuit  the  index  was  observed  to  retire  0-3  of  a  division,  leaving 
a  permanent  elongation  of  O'Z,  and  a  pennanent  polarity  of  0-42 
of  a  grain.  More  powerful  currents  were  now  jjasscd  through 
the  coil  and  the  observations  repeated  as  before,  with  the  results 
tabulated  below : — 
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n?f.r!!''n"    Tangent  of '  Elongation        ^      j 
°^fA?"°-    deneV-      0"^  shorten.' 


meter. 


ing  of  bar. 


elongation. 


Magnetic 


'Square  of  mag- 
.  .  -.1  nctic  intensity 
inte^nsity  Lvided  by  total 
of  bar.  ,  '■ 

'    elongation. 


O     / 

-  7  20 

128 

10  E. 

10 

-0-49 

240 

0 

0 

0  3  S. 

0-7 

-012 

252 

-  9  30 

167 

2-9  E. 

o'G 

-0  93 

240 

0 

0 

1-2  S. 

24 

-0  74 

228 

-14  48 

264 

5-9  E. 

8-3 

-1-42 

243 

0 

0 

3-8  S. 

4-5 

-100 

222 

-23  10 

428 

10-3  E. 

14-8 

-1-87 

236 

0 

0 

7-6  S. 

7-2 

-1-26 

220 

-47  25 

1088 

161  E. 

23-3 

-222 

211 

0 

0 

13-9  S. 

9-4 

-1-35 

194 

-58  50 

1653 

14-8  E. 

24  2 

-2  21 

202 

0 

0 

13-3  S. 

10-9 

-1-35 

168" 

Dr.  Joule  now  reversed  the  current  in  the  helix  and  found 
that  a  current  which  deflected  the  needle  6°  15'  shortened  the 
bar  3'4  div.,  and  that  after  the  current  was  broken  its  magnetic 
intensity  was  found  reduced  from  — 1"3  (the  permanent  inten- 
sity previously  given  by  47°  25',  see  preceding  Table)  to  —•17. 
He  then  passed  a  current  of  9°  55';  and  this  he  found  was  suffi- 
cient, not  only  to  remove  the  former  minus  polarity  of  the  bar, 
but  also  to  give  it  a  permanent  polarity  of  +  "25,  and  yet  to 
leave  the  bar  with  6"6  of  the  elongation  belonging  to  its  previous 
minus  polarity. 

Taking  Joule's  observations  while  the  current  was  passing 
around  the  bar,  we  have  for  the  current  of  6°  15'  a  magnetic 
intensity  of  —  0*12,  and  for  the  current  of  9°  15'  jxplus  magnetic 
polarity  of  0*57.  We  call  attention  to  these  results  because 
subsequent  experimenters*  seem  to  be  unaware  of  these  obser- 
vations of  Dr.  Joule,  who  here  first  shows  that  a  feeble  current 
will  demagnetize  and  even  reverse  the  polarity  of  a  bar  which  has 
previously  required  a  far  more  powerful  current  to  give  it  its 
permanent  magnetic  charge.  In  the  experiment  given  above, 
the  ratio  of  the  current-intensities  of  permanent  magnetization 
and  of  demagnetization  is  1088  to  175. 

Dr.  Joule  now  successively  replaced  the  above  bar  by  two 
others,  and  obtained  with  them  similar  results.  He  then  de- 
duces the  following  important  law  : — "  From  the  last  column  of 
each  of  the  preceding  Tables  we  may,  I  think,  safely  infer  that 

*  Wiedemann,  Pogg.  Ann.  vol.  c.  p.  235  ;  also  R.  W.  Wilson,  ''  Demag- 
netization of  Electromagnets,"  American  Journal  of  Science,  vol,  iii.  3rd 
Series,  p.  34G. 

Phil.  Mag,  S.  4.  Vol.  45.  No.  301.  May  1873.  2  A 


354       Prof.  A.  M.  Mayer  oti  the  Effects  of  Magnetization 

the  elongation  is  in  the  duplicate  ratio  of  the  magnetic  intensity  of 
the  bar,  both  when  the  magnetism  is  maintained  by  the  influence 
of  the  coil,  and  in  the  case  of  the  permanent  magnetism  after 
the  current  has  been  cut  ofl".  The  discrepancies  observable 
will,  I  think,  be  satisfactorily  accounted  for  when  we  consider 
the  nature  of  the  magnetic  actions  taking  place.  When  a  bar 
experiences  the  inductive  influence  of  a  coil  traversed  by  an 
electrical  current,  the  particles  near  its  axis  do  not  receive  as 
much  polarity  as  those  near  its  surface,  because  the  former  have 
to  withstand  the  opposing  inductive  influence  of  a  greater  num- 
ber of  magnetic  ])articles  than  the  latter.  This  phenomenon 
will  be  diminished  in  the  extent  of  its  manifestation  with  an  in- 
crease of  the  electrical  force,  and  will  finally  disappear  when  the 
current  is  sufficiently  powerful  to  saturate  the  iron.  Again, 
when  the  iron,  after  having  been  magnetized  by  the  coil,  is  aban- 
doned to  its  own  retentive  powers  by  cutting  off"  the  electrical 
current,  the  magnetism  of  the  interior  particles  will  suff'er  a 
greater  amount  of  deterioration  than  that  of  the  exterior  par- 
ticles. The  polarity  of  the  former  may  indeed  be  sometimes 
actually  reversed,  as  Dr.  Scoresby  found  it  to  be  in  some  exten- 
sive combinations  of  steel  bars.  Now,  whenever  such  influences 
as  the  above  occur,  so  as  to  make  the  different  parts  of  the  bar 
magnetic  to  a  various  extent,  the  elongation  will  necesarily  bear 
a  greater  proportion  to  the  square  of  the  magnetic  intensity 
measured  by  the  balance  than  would  otherwise  be  the  case. 

"  For  similar  causes  the  interior  of  the  bar  will  in  general 
receive  the  neutralization  and  reversion  of  its  polarity  before  the 
exterior;  and  hence  we  see  in  the  Tables  that  there  is  a  consi- 
derable elongation  of  the  bar  after  the  reversion  of  the  current, 
even  when  the  effect  upon  the  balance  has  become  imperceptible, 
owing  to  the  opposite  cfi"ccts  of  the  interior  and  exterior  mag- 
netic particles." 

Joule  now  experimented  on  a  bar  of  unannealcd  iron,  and  on 
three  bars  of  soft  steel.  As  these  bars  had  considerable  degrees 
of  retentive  power,  the  anomalies  occasioned  by  the  above- 
described  actions  did  not  exist  to  any  considerable  extent,  and 
they  gave  a  confirmation  of  the  law  that  the  elongation  is  pro- 
portional, in  a  given  bar,  to  the  square  of  the  magnetic  intensity. 

Tlie  next  bar  he  experimented  with  was  of  moderately  har- 
dened steel.  Tiiis  bar  was  slightly  increased  in  length  ever;^ 
time  that  contact  with  the  battery  was  broken,  although  a  con- 
siderable diminution  of  the  magnetism  of  the  bar  took  place  at 
the  saine  time.  He  says: — "1  am  disjiosed  to  attribute  this 
effect  to  the  state  of  tension  in  the  hardened  steel,  for  1  lind  that 
soft  iron  wire  presents  a  similar  anomaly  when  stretched  tightly." 

In  a  subsequent  communication,  contained  in  the  same  vo- 


ill  chancjinf/  the  Dimensions  of  Iron.  355 

lume  of  the  Pliilosopliical  Magazine,  Dr.  Joule  gives  accounts 
of  numerous  experiments  made  upon  wires  and  bars  of  soft  iron, 
cast  iron,  soft  and  hardened  steel,  subjected  to  various  pressures 
and  tensions  while  they  were  magnetized.  As  an  example  of 
the  effect  of  teimon  on  the  phenomena,  he  states  that  in  the  case 
of  a  bar  1  foot  long  and  i  of  an  inch  in  diameter,  a  tensile  force 
of  about  600  pounds  caused  all  the  phenomena  of  changes  of 
length  to  disappear,  even  with  a  current  which  produced  a  de- 
flection of  58°  in  the  needle  of  the  tangent-galvanometer;  but 
when  a  current  of  61°  was  passed  around  this  bar,  subjected  to 
a  tension  of  1040  pounds,  it  shortened  3'8  divisions.  With  a 
tension  of  1680  and  the  same  current  the  bar  shortened  4*5  di- 
visions. Joule,  from  his  experiments,  deduces  this  law;  viz. 
In  the  case  of  tension  the  shortening  effect  is  proportional  to  the 
cwrent  traversiny  the  coil  multiplied  by  the  magnetic  intensity  of 
the  bar.  He  further  states  that  "  it  is  extremely  probable  that 
the  shortening  efl'ects  are  proportional,  cceteris  paribus,  to  the 
square  root  of  the  force  of  tension.'" 

In  the  case  of  bars  of  cast  iron  he  finds  that  their  elongation 
is  equal,  if  not  superior,  to  those  of  soft  iron  when  magnetized 
to  the  same  degree ;  and  an  increase  of  tension  in  them  does 
not  produce  half  the  retraction  which  is  caused  in  soft  iron  bars 
in  similar  circumstances. 

Bars  of  soft  steel  acted  like  the  bars  of  iron ;  but  the  superior 
retentive  powers  of  the  former  enabled  him  to  trace  better  the 
elongating  eftects  of  the  permanent  magnetism,  which  diminished 
with  the  increase  of  tension  and  at  last  disappeared  altogether; 
but  with  bars  of  perfectly  hardened  steel  no  sensible  change  in 
their  lengths  was  produced  by  charges  oi  permanent  magnetism, 
and  the  temporary  shortening  effect  of  the  coil  was  proportional 
to  the  magnetism  multiplied  by  the  current  traversing  the  coil. 
The  shortening  efi^ect  did  not  iu  these  cases  sensibly  increase 
with  the  increase  of  tension. 

On  subjecting  bars  of  wrought  and  cast  iron  and  soft  steel  to 
pressure.  Joule  found  that  it  had  no  sensible  effect  upon  the 
extent  of  their  elongation.  A  hard  steel  cylinder  a  foot  long, 
when  submitted  to  the  same  experiments,  with  a  pressure  of  80 
pounds,  "sufi'ered  a  diminution  of  length  equal  to  O'l  of  a  divi- 
sion of  the  micrometer,  with  a  current  capable  of  giving  a  mag- 
netic polarity  of  1*7.^' 

At  the  termination  of  his  paper  Dr.  Joule  gives  the  following 
" postsc7-ipt."  "  I  have  already,  in  the  former  part  of  this  paper, 
described  an  experiment  which  indicated  that  no  alteration  ia 
the  bulk  of  a  bar  of  soft  iron  could  be  produced  on  magnetizing 
it.  I  thought,  however,  that  it  would  be  interesting  to  confirm 
the  fact  by  an  observation  of  the  alteration  of  the  dimensions  of 
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the  iron  at  right  angles  to  the  direction  of  its  polarity.  For 
this  purpose  I  took  a  piece  of  drawn  iron  gas-piping  1  yard  long, 
Y^g  of  an  inch  in  bore,  and  f^^  of  an  inch  in  thickness.  A 
piece  of  thick  covered  copper  wire  was  inserted  into  this  tube 
and  bent  over  the  outside  of  it.  The  lower  extremity  of  the  iron 
tube  being  fixed,  and  the  upper  end  being  attached  to  the  mi- 
crometrical  apparatus,  each  division  of  which  corresponded  to 
— 1 of  an  inch,   I  obtained  ....  results  which  show  that 

138528  ' 

the  length  of  the  tube  was  diminished  in  order  to  make  up  for 
the  increase  of  its  diameter,  which  in  this  instance  w^as  in  the 
direction  of  the  polarity.  The  quantity  of  the  shortening  effect, 
viz.  3'4,  is,  however,  only  one  third  of  that  due  to  the  maximum 
elongation  of  soft  iron  bars  as  observed  in  the  first  section.  This 
is  probably  owing  to  the  grain  of  the  iron  being  in  cross  direc- 
tions with  respect  to  the  polarity  in  the  two  cases,  and  partly 
perhaps  to  the  iron  tube  not  being  fully  saturated  with  mag- 
netism. The  experiment  is  worth  repeating,  especially  as  it  affords 
a  means  of  studying  the  magnetic  condition  of  closed  circuits." 
Remarking  on  the  cause  of  the  phenomena  of  elongation.  Dr. 
Joule  says : — "  The  law  of  elongation  naturally  suggests  the  joint 
operation  of  the  attractive  and  repulsive  forces  of  the  constituent 
particles  of  the  magnet  as  the  cause  of  the  phenomena.  On  the 
other  hand,  the  fact  that  the  shortening  effect  is  proportional  to 
the  magnetic  intensity  of  the  bar  multiplied  by  the  current  tra- 
versing the  coil  seems  to  indicate  that  in  this  case  the  effect  is 
produced  by  the  attraction  of  the  magnetic  particles  by  the  coil. 
But  then  it  will  be  asked  why  so  remarkable  an  augmentation 
of  the  effect  is  produced  by  the  increase  of  tension  in  the  case 
of  the  soft  iron  bars.  When  we  are  able  to  answer  this  question 
in  a  satisfactory  manner,  we  shall  probably  have  a  much  more 
complete  acquaintance  with  the  real  nature  of  magnetism  than 
we  at  present  possess." 

Tliis  full  account  of  Dr.  Joule's  remarkable  research  is  here 
presented  in  order  to  give  an  exposition  of  our  present  know- 
ledge of  this  subject,  and  clearly  to  set  forth  the  relations  which 
my  own  attempts  bear  to  his  labours.  Here  Joule,  the  disco- 
verer of  these  j)lu!iioinena,  has  given  us  almost  all  the  knowledge 
we  have  up  to  this  time  j)ossessed  in  reference  to  their  charac- 
teristics and  their  laws.  That  a  sul)ject  so  fascriuiting  should 
not  have  been  eagerly  followed  uj)  ap])ears  strange,  especially  so 
when  it  seems  highly  probable  that  the  faithful  study  of  these 
actions  may  one  day  give  us  an  insight  into  the  dynamic  nature 
of  electro-inaguetization,  and  thus  lead  the  investigator  into  a 
fruitful  field  of  research. 

No  one  can  duly  appreciate  this  work  of  Joule's  until  be 
attempts  the  confirmation  of  his  results;  then  the  diflicultics  of 
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the  research  and  the  skill  and  acumen  of  this  eminent  physicist 
will  be  pro])erly  estimated. 

Although  the  cognate  discovery  by  our  countryman  Page^  in 
1837,  that  iron  bars  produce  sound  on  their  magnetization,  has 
been  carefully  studied  by  Delezcnnc,  De  la  Rive,  Beatson,  Mar- 
rian,  and  Wertheim,  yet  in  the  annals  of  science  I  have  found 
only  two  experimental  investigations,  in  addition  to  the  one  by 
Joule,  on  the  phenomena  of  the  elongation  produced  in  iron  rods 
on  their  magnetization.  The  first  is  by  "Wertheim,  in  the  Ann. 
de  Chim.  et  de  Phys.  3  ser.  vol.  xxiii. ;  the  second  by  Tyndall, 
contained  in  a  paper  entitled  "  On  some  Mechanical  EflFects  of 
Magnetization,"  published  in  his  '  Researches  on  Diamagnetism 
and  Magnecrystallic  Action,'  London,  1870. 

In  Wertheim's  memoir  "  On  the  Sounds  produced  in  Mag- 
netized Iron,"  all  we  find  on  the  subject  of  the  elongation  of 
magnetized  iron  rods  is  the  following : — "  Here  are  the  results 
of  these  experiments :  the  helix  being  placed  so  that  its  axis 
coincides  with  that  of  the  bar,  we  do  not  observe  any  lateral 
movement,  but  only  a  very  small  elongation  ;  this  elongation 
rarely  surpasses  "002  millira.  [in  rods  about  970  millims.  long], 
and  although  visible  is  bcarly  measurable ;  it  is  most  pronounced 
when  the  helix  [whose  length  was  a  litttle  over  J,  of  that  of 
the  rod]  encloses  the  extremity  of  the  bar;  it  diminishes  as  the 
helix  approaches  the  point  [the  centre]  where  the  rod  is  clamped ; 
and  it  is  probable  that  when  it  is  quite  close  to  this  point  the 
elongation  changes  into  a  retraction ;  but  I  have  never  been  able 

to  observe  the  motion  in  this  direction  with  any  certainty 

I  have  already  remarked  that  it  was  not  possible  for  me  to  mea- 
sure this  longitudinal  traction;  happily  Mr.  Joule  has  supplied 
that  omission." 

Dr.  Tyndall  opens  his  paper  thus: — ''Wishing,  in  1855,  to 
make  the  comparison  of  magnetic  and  diamagnetic  phenomena 
as  thorough  as  possible,  I  sought  to  determine  whether  the  act 
of  magnetization  ))roduccs  any  change  of  dimensions  in  the  case 
of  bismuth,  as  it  is  known  to  do  in  the  case  of  iron.  The  action, 
if  any,  was  sure  to  be  infinitesimal ;  and  I  therefore  cast  about 

for  a  means  of  magnifying  it I  consulted  Mr.  Reckcr;  and 

thanks  to  his  great  intelligence  and  refined  skill,  I  became  the 

possessor  of  the  apj)aratus  now  to  be  described The  same 

apj)aratus  has  been  employed  in  the  examination  of  bisnuith  bars  ; 
and  though  considerable  i)0Aver  has  been  a))plicd  I  have  hitherto 
failed  to])roduce  any  sensible  tfleet.  It  was  at  least  conceivable 
that  complementary  eflects  niight  be  here  exhibited,  and  a  new 
antithesis  thus  established  betwein  magnetism  and  diamag- 
netism." 

The  apparatus  used  by  Dr.  Tyndall  consisted  of  two  vertical 
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brass  rods  firmly  cemented  into  a  block  of  stone.  Between 
these  rods,  securely  fixed  in  the  stone,  were  placed  the  rods  of 
iron  whose  elongation  he  desired  to  measure.  On  the  vertical 
rods  slid  a  transverse  bar  of  brass  carrying  "  a  vertical  rod  of 
brass  which  moves  freely  and  accurately  in  a  long  brass  collar. 
The  lower  end  of  the  brass  rod  rests  upon  the  upper  flat  surface 
of  the  iron  bar.  To  the  top  of  the  brass  rod  is  attached  a  point 
of  steel ;  and  this  point  passes  against  a  plate  of  agate,  near  a 
pivot  which  forms  the  fulcrum  of  a  lever.  The  distant  end  of 
the  lever  is  connected  by  a  very  fine  wire,  with  an  axis  on  which 
is  fixed  a  small  circular  mirror.  If  the  steel  point  be  pushed  up 
against  the  agate  plate,  the  end  of  the  lever  is  raised ;  the  axis 
is  thereby  caused  to  turn,  and  the  mirror  rotates.^^  The  angular 
deflections  of  the  mirror  he  determined  by  the  method  of  Pog- 
gendorfi" — that  is,  by  viewing  in  a  telescope  the  divisions  of  a 
fixed  scale  reflected  from  the  mirror. 

Dr.  Tyndall  gives  the  following  account  of  his  experience  with 
this  apparatus  : — "  Biot  found  it  impossible  to  work  at  his  expe- 
riments on  sound  during  the  day  in  Paris  ;  he  was  obliged  to 
wait  for  the  stillness  of  night.  I  found  it  almost  equally  diffi- 
cult to  make  accurate  experiments,  requiring  the  telescope  and 
scale,  with  the  instrument  just  described,  in  London.  Take  a 
single  experiment  in  illustration.  The  mirror  was  fixed  so  as  to 
cause  the  cross  hair  of  the  telescope  to  cut  the  number  727  on 
the  scale  :  a  cab  ])assed  while  I  was  observing ;  the  mirror  qui- 
vered, obliterating  the  distinctness  of  the  figure,  and  the  scale 
slid  apparently  through  the  field  of  view  and  became  stationary 
at  694.  I  went  upstairs  for  a  book ;  a  cab  passed,  and  on  my 
return  I  found  the  cross  hair  at  G86.  A  heavy  waggon  then 
passed,  and  shook  the  scale  down  to  420.  Several  carriages 
passed  subsequently ;  the  figure  on  the  scale  was  afterwards  350. 
In  fact  so  sensitive  is  the  instrument,  that  long  before  the  sound 
of  a  cab  is  heard  its  approach  is  heralded  by  the  quivering  of 
the  figures  on  the  scale. 

"  Various  alterations  which  were  suggested  by  the  experiments 
were  carried  out  by  Mr.  Beckei*,  and  the  longer  I  worked  with 
it  the  more  mastery  1  obtained  over  it;  but  1  did  not  work  with 
it  sufficiently  long  to  perfect  its  arrangement.  Some  of  the 
results,  however,  may  be  stated  here : — 

l''igi\rc  of  scale. 
Bar  unmagnetizcd     .     .     .     577 
]iar  magnetized    ....     470 
]Jar  unmagnetizcd     .     .     .     517 

"  Here  the  magnetization  of  the  bar  produced  an  elongation 
expressed  by  107  divisions  of  the  scale,  while  the  interruption 
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of  the  circuit  produced  only  a  shrinking  of  47  divisions.  There 
was  a  tendency  on  the  part  of  the  bar  or  of  the  mirror  to  per- 
sist in  the  condition  superinduced  by  the  magnetism.  The 
passing  of  a  cab  in  this  instance  caused  the  scale  to  move  from 
517  to  531);  that  is,  it  made  the  shrinking  6-i  instead  of  47. 
Tapping  the  bar  produced  the  same  effect. 

"  The  bar  employed  here  was  a  wrought-iron  square  core,  1*2 
inch  a  side  and  2  feet  long. 

"  The  following  Tables  will  sufficiently  illustrate  the  perform- 
ance of  the  instrument  in  its  present  condition.  In  each  case 
are  given  the  figures  observed  before  closing,  after  closing,  and 
after  interrupting  the  circuit.  Attached  to  each  Table  also  are 
the  lengthening  produced  by  magnetizing  and  the  shortening 
consequent  on  the  interruption  of  the  circuit : — 


Circuit. 

Scale 
10  cells. 

Circuit. 

Scale. 
20  cells. 

Open  

Closed 

Broken   ... 

Open  

Closed    ... 
Broken  ... 

Open  

Closed    ... 
Broken   ... 

647 
516 
581 

637 
509 
579 

632 
491 

568 

131  elongation. 
65  return. 

128  elongation. 
70  return. 

141  elongation. 

77  return. 

Open  

Closed    ... 
Broken   ... 

Open  

Closed    ... 
Broken  ... 

i  Open  

Closed    ... 
Broken  ... 

653 
465 
579 

638 
452 
568 

632 
472 
561 

188  elongation. 
114  return, 

186  elongation. 
116  return. 

160  elongation. 
89  return. 

"  These  constitute  but  a  small  fraction  of  the  numbers  of  ex- 
periments actually  made.  There  are  very  decided  indications 
that  the  amount  of  elongation  depends  on  the  molecular  condi- 
tion of  the  bar.  For  example,  a  bar  taken  from  a  mass  used  in 
the  manufacture  of  a  great  gun  at  the  Mersey  Iron  works,  suf- 
fered changes  on  magnetization  and  demagnetization  consider- 
ably less  than  those  recorded  here.  I  hope  to  return  to  the 
subject." 


XLIV.   On  the  Intensiti/  of  Light  S^c. 
By  Henry  Hudson,  M.D.,  M.R.IA, 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Glcnville,  Formoy, 
Gentlemen,  March  4,  1873. 

I  THINK  Mr.  Bosanquet  could  not  have  looked  into  the 
Astronomer  Royal's  excellent  little  work  '  On  the  Undula- 
tory  Theory  of  Light '  when  he  wrote  (p.  217)  that  "The  ex- 
planation given  by  Airy  of  the  doubling  of  intensity  ....  cau 
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only  be  regarded  as  an  illustration."  Sir  George  writes  (p.  20), 
"  We  shall  assume  the  intensity  of  the  light  to  be  represented  by 
cV^  and  (in  a  note)  adds,  ''  "We  7nust  take  some  even  power  of  c 
to  represent  the  intensity,  since  the  undulation  where  the  vibra- 
tion is  expressed  by  — csiu^l  — -^(r^— <r)+C  Y  differs  in  no 
respect  from  that  whose  vibration  is  expressed  by 

+  csm(^{vt-.r)  +  CJ, 

except  that  it  is  half  the  length  of  a  wave  before  or  behind  it." 
It  would  appear,  therefore,  that  the  Astronomer  Royal  was 
influenced  to  adopt  the  "  square  "  of  the  amplitude  as  the  mea- 
sure of  intensity  chiefly  because  the  even  2)owers  of  positive  and 
negative  quantities  are  {algebraicalh/)  identical. 

I  would  suggest,  however,  that  the  true  physical  interpretation 
of  the  signs  (+  and  — )  prefixed  respectively  to  two  perfectly 
similar  vibrations  is  that  "  the  coefficient  (c)  must  be  measured 
in  opposite  directions  from  the  point  of  rest  of  the  disturbed  par- 
ticle," which  in  fact  constitutes  the  difference,  by  half  a  wave- 
length, of  these  two  similar  vibrations ;  and  it  is.  evident  (alge- 
braically as  well  as  physically)  that  the  combination  of  any  two 
such  vibrations  must  produce  zero  (i.  e.  darkness  in  the  case  of 
light),  or  in  optical  language  ''interference." 

1  would  now  submit  my  view  of  Sir  George  Airy's  argument 
(in  his  note,  p.  20)  to  the  consideration  of  mathematicians. 
First,  let  us  assume  (with  Sir  George,  p.  7)  that  c  is  the  "  maxi- 
mum vibration  of  the  disturbed  particle ; "  in  this  case  (the 
wave-length  and  amplitude  being  identical)  it  appears  to  me 
that  the  only  effect  of  introducing  C  and  D  into  two  perfectly 
similar  vibrations  is  (see  'Undulatory  Theory,^  p.  6)  to  "alter 
the  origin  of  the  linear  measure  from  which  x  is  reckoned,"  and 
that  no  conclusion  as  to  the  "  influence  of  amplitude  on  inten- 
sity" can  be  deduced  from  such  a  change.  Secondly  (c  and  \ 
being  still  alike  in  both  the  new  forms),  if  we  consider  c  to  re- 
present merely  the  "actual  distance  of  the  disturbed  particle 
from  its  place  of  rest,"  the  introduction  of  C  and  J)  into  the 
vibration-formula  may  also  represent  a  "  change  of  phase  of  the 
wave."  But  (inasmuch  as  c  no  longer  represents  the  maxiinum 
vibration)  it  will  not  be  possible  to  deduce  any  "  influence  of 
amplitude  on  intensity"  from  the  formula;  even  in  this  case. 
]\Iusical  men  are  aware  that  a  "j)izzicato  note"  from  a  stringed 
instrument,  even  with  very  moderate  amplitude  of  vibration, 
can  be  heard  at  a  considerable  distance.  Suppose  now  that  such 
a  sound  wave  (with  1  inch  amplitude)  becomes  insensible  at  200 
feet :  if  the  amplitude  be  reduced  to  half  an  inch,  the  distance 
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at  which  the  sound  should  no  longer  be  audible  ought  to  be  100 
feet  only  if  the  square  of  the  amplitude  be  the  measure  of  its 
ntensity,  or  at  141  feet  if  the  amplitude  simphj  h.  the  correct 
ndlcator  of  intensity;  or  if  the  amplitude  ot  the  second  wave 
wei^  one  third  of  an  inch  only,  then  the  distances  (according 
to  the  two  hypotheses)  would  be  about  G7  feet  and  llo  feet 
respectively.  ^^^^^^  ^^^^^^^^ 

P.S.— In  such  an  experiment  we  have  the  advantage  of  deal- 
ing with  a  single  wave. 
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Sound.    By  Robert  I\Ioon,  M.A.,  Honorary  Fellow  of  Queen  s 

College,  Cambridge^. 
TN  a  note  upon  the  subject  of  this  paper,  contained  in  the 
Jl     March  Number  of  the  Philosophical  Magazine,  Mr.  Jio- 
sanouet  expresses  himself  as  follows  : —  t         j 

"Mr  Moon  has  not  offered  any  answer  to  the  remark  made 
at  the  end  of  my  paper  of  last  November,  although,  if  he  under- 
stood it,  it  is  conclusive  in  the  case  of  hght." 

There  are  some  truths  so  obvious,  some  arguments  winch 
appear  so  decisive,  that  one  is  apt  to  suppose  that  the  mere  state- 
ment  of  them  will  suffice  to  carry  conviction  to  the  mmd  even  ot 
an  opponent.  The  argument  I  offered  to  Mr.  Bosanquet  ap- 
peared to  me  precisely  of  that  character.  As  he,  however, 
regards  it  in  a  different  light,  I  am  ready  to  meet  him  upon  his 

own  ground.  ,    ,     ,•  i  •      * 

I  have  no  intention  to  contest  the  substantial  approximate 
truth  of  an  experimental  law  so  long  established,  so  a  prion  all 
but  certain,  as  Malus's  rule  of  cosines ;  but  I  demur  in  toto  to 
Mr  Bosanquet's  conclusion  that  the  adoption  of  the  simple  power 
of  the  amplitude  as  the  measure  of  intensity  in  plane-polarized 
ravs  involves  the  assumption  that  a  (sin  «+  cos«)  measures  the 
intensity  of  the  overlapping  beams  in  the  experiment  which 
he  discusses.     So  far  is  this  from  being  the  fact,  that  the  latter 
assumption  contradicts  the  former,   as  can  readily  be  shown. 
For   suppose  that  at  a  particular  point  where  the  beams  overlap, 
the 'oppositely  polarized  rays  ha])pen  to  be  in  the  same  phase,  as 
they  may  be ;  they  will  then  give  rise  to  a  single  plane-polarized 
ray  whose  intensity  would  be  a  according  to  the  measure  which 
I  have  proposed,  and  not  a  (sin  a+  cos«),  as  the  measure  which 
Mr.  Bosanquet  thus  gratuitously  seeks  to  fix  upon  me  would 

The  inconsistency  of  this  proposed  extension  of  my  definition 
*  Communicated  by  the  Author. 
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may  be  equally  seen  in  the  general  case,  where  the  oppositely  po- 
larized rays  arc  in  different  phases.  For,  representing  the  rays 
by 

« cos  a.  sin  X,  "\  ,-.. 

a  sin  «  .  sin  (X  +  D),  J 

the  first  may  be  replaced  by  two  oppositely  polarized  rays  repre- 
sented respectively  by 

«cos^«.sinX^      Gcosasiu  a  .  sinX  j    ...     (2) 

and  the  second  by  two  similar  rays  represented  by 

«sin^«  .  sin  (X  +  D),    — acosasina  .sin  (X  +  D).  .    (3) 

Hence,  combining  the  expressions  for  rays  polarized  in  the  same 
plane,  we  shall  have  in  place  of  (1)  two  waves  polarized  in  oppo- 
site planes,  respectively  represented  by 

a  .  I  (cos^  a  +  sin^  u  cos  D) .  sin  X  +  sin^  a .  sin  D  .  cos  X| , 

a  .cosasina.  |(1  — cosD)  sin  X— sin  D  .  cosX[  ; 

which  may  be  written 

a\/  cos*  a  +  sin^  a.  cos  D)^+  sin'* « .  sin^  D  .  sin  (X  +  Di), 

ct.sinacosa.\/(l  — cosD)^+sin^D.  sin  (X  +  DJ; 
or 


c\/cos'*  u  +  sin'*  a  +  2 siu^  a  cos^a cosD  .  sin  (X  +  D i) , 
asinacosa\/3(l  — cosD).sin(X  +  D2). 

Now  we  have  just  as  much  right  to  take  the  sum  of  the  am- 
plitudes of  these  two  waves  for  tlic  intensity  at  any  point  of  the 
overlapping  beams,  as  we  have  to  take  the  sum  of  the  amplitudes 
of  the  waves  represented  by  (1)  for  the  like  ])urpose.  A  com- 
parison of  the  results  thus  derivable,  however,  will  show  that 
they  are  incompatible,  and  consequently  that  Mr.  Bosanquet's 
proposed  extension  of  my  definition  of  intensity  in  the  case 
of  oppositely  polarized  rays  cannot  be  entertained. 

Undoubtedly,  however,  1  may  be  expected  to  state  how  I  pro- 
pose to  estimate  the  collective  eflect  of  the  oppositely  polarized 
rays  in  tlie  circumstances  referred  to;  and  this  I  shall  have  no 
difficulty  in  doing. 

If  this  collective  effect  is  capable  of  being  expressed  by  a 
function  of  the  intensities  of  the  two  waves  when  acting  sepa- 
rately, whatever  be  the  phases  of  the  latter,  we  shall  have 

intensity  =  F  |a  cos  a),  (a  sin  «)  ^ ; 
and  if  wc  can  discover  the  form  of  F  corresponding  to  any  par- 
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ticular  state  of  phase,  wc  shall  know  the  form  of  F  for  all 
varieties  of  phase. 

Now,  when  the  two  rays  are  in  the  same  phase,  we  have 

a=  intensity  =F  |a  cos  a),  {a  sin  a)|-  ; 
therefore 

r{(acos«),  («sina)}  =v/(acosa)*+ (asina)^. 

Hence,  in  the  case  under  consideration,  the  intensity  will  not  be 
measured  by  the  sum  of  the  amplitudes,  but  by  the  square  root 
of  the  sum  of  the  squares  of  the  amplitudes  of  the  component  7'ai/s. 
It  thus  appears  that  the  argument  which  Mr.  Bosanquet  puts 
forward  as  decisive  against  the  simple  power  of  the  amplitude 
being  taken  for  the  measure  of  intensity  in  plane-polarized 
waves  has,  in  fact,  no  bearing  upon  the  subject. 

The  measures  of  intensity  which  I  have  proposed  as  appli- 
cable to  plane  and  eliiptically  polarized  light  coincide  in  a  re- 
markable manner. 

For,  when  the  component  rays  are  represented  by  (1),  the 
resulting  ray  will  be  eliiptically  polarized — the  magnitude)  and 
position  of  the  axes  of  the  ellipse  depending  on  a,  which  mea- 
sures the  intensity  of  the  incident  light,  D  which  represents  the 
difference  of  phase  of  the  component  rays,  and  u  the  inclination 
of  the  principal  plane  of  the  crystal  to  the  plane  of  polarization 
of  the  beam  originally  incident  upon  it. 

The  absolute  magnitude  of  either  axis  will  always  be  propor- 
tional to  fl,  while  the  position  of  the  axes  and  their  ratio  to  each 
other  depend  on  D  and  «.  Hence,  so  long  as  its  form  is  unal- 
tered, the  circumference  of  the  elHpse  {i.  e.  the  length  of  path 
described  by  a  particle  in  a  single  undulation)  will  vary  as  a; 
and  the  intensity  of  the  overlapping  rays  for  the  same  form  of 
vibration  will  also  vary  as  a. 

It  thus  appears  that  when  from  the  consideration  of  plane- 
polarized  we  turn  to  that  of  eliiptically  polarized  light,  length 
of  path  of  the  particles  is  not  sufficient  to  determine  the  inten- 
sity ;  the  form  of  vibration  must  also  be  taken  into  account ; 
but  for  a  fixed  form  of  vibration  the  intensity  varies  directly  as 
the  length  of  path  of  the  particles. 

The  single  argument  I  adduced  against  ]\Ir.  Bosanquet^s  view 
of  the  relation  of  the  amplitude  to  the  intensity  was  that,  accord- 
ing to  the  latter,  two  equal  vibrations  in  the  same  pliasc  will 
give  four  times  as  much  illumination  as  either  separately.  This 
argument,  which  appears  to  me  irrefragable,  Mr.  Bosanquet 
regards  as  so  utterly  trifling  that  it  is  only  from  the  considera- 
tion that  it  is  "  sometimes  felt  as  a  difficulty  by  learners  "  that 
he  is  induced  to  "just  touch  upon  it." 
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Admitting,  after  some  hesitation,  "  that  two  vibrations  may 
be  superposed  with  coincident  phase/^  he  proceeds  as  follows  : — 

''In  these  cases  we  must  not  treat  each  vibration  as  a  cause 
in  itself,  invariable  under  all  conditions.  If  we  regard  the  two 
vibrations  as  unaltered  by  the  superposition,  we  shall  in  general 
be  wrone;." 

This  line  of  defence  cuts  away  the  ground  upon  which  rest 
the  undulatory  theories  of  light  and  sound.  Those  theories 
alike  assume  the  application  of  the  principle  of  the  superposi- 
tion of  small  motions  in  all  cases  with  which  they  undertake  to 
deal.  The  theory  of  interference  assumes  that  the  motion  in  a 
wave  may  be  represented  by  the  ordinate  of  a  particle — and  that 
where  two  waves  are  superposed  in  which  the  vibration  is  in  the 
same  plane,  their  joint  effect  is  represented  by  the  algebraical 
sum  of  the  expressions  for  the  ordinates  corresponding  to  each 
wave  taken  separately. 

This  implies  that  the  superposition  of  two  equal  waves  in  the 
same  phase  will  produce,  as  regards  any  particle  at  a  given  time, 
twice  the  force  acting  upon  it,  twice  the  velocity  impressed  upon 
it,  twice  the  space  described  by  it,  which  would  occur  if  either 
wave  were  destroyed. 

AVhat  Mr.  Bosanquet  has  to  do  is  to  reconcile  this  state  of 
things  with  the  production,  under  the  same  circumstances,  of  a 
quadruple  amount  of  illumination  or  loudness. 

The  received  theory  in  effect  states  that  where  two  equal  waves 
in  the  same  phase  act  together,  the  effect  of  each  in  producing, 
at  a  distant  point  of  the  air  or  sether  at  a  given  time,  effective 
force,  velocity,  and  displacement  will  be  precisely  the  same  as 
either  would  have  produced  under  the  same  circumstances  if  it 
had  acted  separately — and  that  if  we  have  three  or  more  such 
waves  superposed,  no  alteration  will  occur  in  the  separate  action, 
so  estimated,  of  each. 

The  received  definition  of  intensity,  on  the  other  hand,  im- 
plies that,  coexisting  with  the  state  of  things  just  described, 
we  shall  have,  where  two  waves  operate  together,  each  wave  pro- 
ducing tirice  the  effect  estimated  by  the  amount  of  sound  result- 
ing from  it  which  either  would  produce  separately;  where  three 
waves  act  together,  each  will  ])roduce  three  times  the  effect,  so 
estimated,  which  it  would  have  produced  separately;  and  so  on. 

To  what  purpose,  I  would  ask,  arc  we  called  upon  to  embar- 
rass ourselves  with  these  extravagant  conclusions  ?  The  defini- 
tion of  intensity  was  invented  for  the  special  i)uri)ose  of  cxplai)i- 
ing  the  phenomena  of  interference,  or,  to  speak  more  precisely, 
to  determine  the  points  of  maximum  and  minimum  intensity  in 
interfering  rays;  and  whether  we  take  the  simple  power  of  the 
amplitude  or  its  square  as  the  measure  of  intensity,  the  positions 
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of  maximum  and  miuimum  intensity  so  resulting  will  be  abso- 
lutely identical. 

6  New  Square,  Lincoln's  Inn, 
March  15,  1873. 

P.S.— Fresnel,  in  his  "Memoii-e  sui-  la  Dififi-action  de  la 
Lumiere"  [MJmoires  de  PAcademie,  Paris,  1826,  p. -i06),  dis- 
tinguishes between  "I'intensite  des  vibrations"  as  depending  on 
the°simple  power,  and  "I'intensite  de  la  luraiere''  as  depending 
on  the  square  of  the  particle-velocity.  Can  any  intelligible 
ground  be  assigned  for  this  distinction  ? 


XL7I.   On  Diffraction.     5y  G.  Quincke.*. 

IN  a  searching  investigation  of  the  phenomena  which  occur 
in  the  inflection  (diffraction)  of  light,  I  have  arrived  at  re- 
sults which  deviate  from  the  representations  hitherto  given,  in 
several,  and,  I  think,  important  points. 

Some  time  since  (see  Fogg.  Ann.  vol.  cxlvi.  pp.  1-65,  1872), 
I  treated  theoretically  the  phenomena  which  are  perceived  when 
a  point  or  a  line  of  light  is  looked  at,  with  a  telescope  or  with 
the  naked  eye,  through  a  diffraction-grating — that  is,  a  combi- 
nation of  apertures  of  the  same  size  and  shape  and  at  equal  dis- 
tances from  each  other.  The  theory  therefore  comprises  gratings 
with  opaque  or  transparent  bars,  as  well  as  such  as  are  cut  with 
a  diamond-point  in  a  plane  glass  or  metal  plate.  Besides  the 
validity  of  Huyghens's  principle,  it  was  therein  presupposed 
that  a  furrow-grating  consists  of  depressions  with  little  stair- 
like steps,  one  face  of  which  is  parallel  to  the  untouched  face  of 
the  plate. 

For  furrow-gratings  the  formula;  are  much  more  complicated 
than  for  gratings  with  opaque  bars.  They  show,  in  accordance 
with  the  experiments,  that  the  luminous  intensity  with  these 
gratings  (which  in  practice  are  used  in  preference)  depends  very 
considerably  on  the  dimensions  of  the  furrows  and  on  the  sub- 
stance with  which  they  are  filled  up,  whether  the  light  be  trans- 
mitted through  the  grating  or  reflected  from  it. 

The  investigation  of  reflected  light  affords  this  advantage,  that 
the  experiment  can  be  better  accommodated  to  the  presuppositions 
of  the  calculation  than  with  transmitted  light.  Symmetrically 
formed  furrows,  and  elevation-gratings  of  the  same  material 
(which  can  be  very  completely  produced  galvanoplastically  with 
the  aid  of  some  experimental  artiflces),  exhibit  the  same  proper- 
ties when  right  and  left  are  exchanged. 

For  the  determination  of  the  wave-lengths  of  light  the  so- 
*  Translated  from  a  separate  iniprcssiou  comniuuicatecl  by  the  Author. 
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called  maxima  of  the  second  class,  known  to  Fraimhofer*^  are  or- 
dinarily made  use  of.  The  greater  the  wave-length,  and  the 
less  the  distance  between  two  adjacent  groups  of  apertures  of 
the  grating,  the  greater  is  the  distance  of  these  maxima  from 
one  another. 

Besides  these  maxima,  however,  as  we  learn  from  experiment, 
other  maxima,  less  luminous,  make  their  appearance,  which  I 
have  named  secondary,  and  which  the  theory  does  not  enable  us 
to  foresee.     If  m  denotes  a  whole  number,  the  secondary  maxima 

1     2 

are  situated  at  ->   — ,  &c.  of  the  distance  between  two  neigh- 

m     m  ° 

bouving  maxima  of  the  second  class,  or  at  the  places  where  a 
grating  with  2,  3,  ...  m  times  the  distance  between  the  aper- 
tures or  furrows  would  show  maxima  of  the  second  class.  Their 
situation  relative  to  the  maxima  of  the  second  class  is,  with  the 
same  grating,  the  same  in  transmitted  or  reflected  light  for  dif- 
fraction in  the  most  diverse  substances.  The  incident  rays  may 
make  any  angle  we  please  with  the  normal  to  the  surface  of  the 
grating.  Under  otherwise  Uke  circumstances,  however,  the 
value  of  m  may  change  with  the  colour. 

The  gratings  were  selected  as  various  as  possible  ;  the  distance 
between  two  adjacent  groups  of  apertures  varied  between  0'2  and 
0"0025  millim.  The  experiments  were  made  upon  gratings  with 
opaque  bars  in  air  or  water,  with  apertures  in  an  opaque  layer  of 
soot,  silver-collodion,  silver,  gold-leaf,  or  in  iodide  of  silver  on  a 
glass  plate,  and  furrow-  or  ridge-gratings  cut  in  glass  or  metal. 

I  have  now  studied  the  diffraction  of  polarized  light  by  these 
gratings. 

If  we  look  at  a  sodium-flame  through  a  doubly  refracting 
prism  and  a  grating  with  vertical  apertures  or  furrows,  we  see 
two  series  of  flame-images,  one  over  the  otlier,  polarized  parallel 
and  perpendicular  to  the  principal  difl'raction-plane.  Two 
flame-images,  one  above  the  other,  corresponding  to  the  same 
maximum  of  the  second  class,  usually  appear  equally  bright. 
Only  in  isolated  spots,  mostly  with  ftcbler  inti-nsity  of  light,  do 
any  difi'crcnccs  aj)pcar.  If  we  advance  to  flame-images  of  a 
liigher  order,  sometimes  the  light  polarized  parallel,  and  some- 
times that  ))olarizcd  perpendicular  to  the  princijjal  diflraction- 
j)lanc  may  predominate. 

Siniiliir  differences  are  observed  in  reflected  light;  and, 
indeed,  here  again  furrow-  and  elevation-gratings  of  symine- 
trical  form  exhibit  the  same  phenomena  as  soon  as  right  and 
left  are  exchanged. 

Slight  differences  in  the  shape  of  the  apertures,  or  furrows,  or 

•  Gilbert's  Ann.  vol.  Ixxiv.  j).  .'MO  (1823). 
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elevations  of  a  grating  have  a  very  considerable  influence  on  the 
difference  of  intensity  of  the  light  polarized  parallel  and  perpen- 
dicular to  the  principal  diffraction-plane.  The  phenomenon 
changes  with  the  colour  of  the  flame^  the  substance  in  which  the 
diffraction  takes  place,  and  the  angle  of  incidence  of  the  rays. 

Further,  in  front  of  the  object-glasses  of  a  collimator  and  an 
astronomical  telescope,  I  placed  two  Nicol  prisms,  the  azimuth 
of  which  could  be  determined  with  accuracy  to  minutes  on  ver- 
tical circles.  The  grating  was  placed  between  the  prisms.  In 
some  instances  the  telescope  was  laid  aside,  and  the  eye  looked 
directly  through  the  analyzing  Nicol  at  the  grating.  The  slit 
of  the  collimator  was  usually  illuminated  with  daylight. 

When  the  Nicol  prisms  were  crossed,  the  illuminated  slit  in 
the  eyepiece  of  the  telescope  appeared  black;  on  inserting  the 
grating,  it  was  illuminated,  and  the  maxima  or  spectra  of  the 
second  class  became  visible.  The  central  image  of  the  slit  ap- 
peared vai'iously  coloured,  according  to  the  position  of  the  Nicol 
prisms.  Viewed  with  one  eyepiece-prism,  it  mostly  shows  a 
dark  streak  in  the  spectrum,  parallel  to  the  Fraunhofer  lines; 
and  on  rotating  the  analyzing  Nicol  to  greater  azimuths,  with 
some  gratings  this  streak  travels  towards  the  red,  with  others 
towards  the  blue.  The  latter  case,  where  the  component  pola- 
rized parallel  to  the  principal  plane  of  diffraction  is  greater  foi 
the  red  than  for  the  blue,  is  the  more  frequent. 

The  amount  of  rotation  of  the  analyzer  which  carried  the 
dark  streak  through  the  entire  spectrum  varied  with  the  angle 
of  incidence,  the  nature  of  the  material  of  the  grating-bars  or 
furrows,  the  fineness  of  the  grating,  and  the  substance  in  which 
the  diffraction  took  place.  It  varied  from  a  fraction  of  a  minute 
to  1°  in  transmitted  light. 

In  lateral  spectra  likewise,  parallel  to  Fraunhofer's  lines  ap- 
pear dark  streaks,  which  with  the  rotation  to  greater  azimuths, 
according  to  the  grating  and  the  spectrum,  go  from  the  red  to 
the  blue,  or  from  the  blue  to  the  red.  The  rotation  is  very  dif- 
ferent with  different  gratings,  and  with  different  lateral  spectra 
with  the  same  grating,  and  may  amount  to  5°  or  more.  With 
greater  angles  of  diffraction  the  superposition  of  spectra  of  dif- 
ferent orders  disturbs  the  observation. 

When  several  parallel  gratings  are  inserted  one  behind  another, 
very  complicated  phenomena  enter,  whicli  have  been  partly  in- 
vestigated by  Brewster*  and  Crovaf.  Witli  a  suitable  arrange- 
ment of  the  gratings,  the  turning  of  the  polarization-plane  for  a 
determined  maximum  of  the  second  class  can  be  increased. 

Often  the  dark  streaks  do  not  appear  in  the  spectrum  until, 

*  Phil.  Map.'S.  4.  vol.  xxxi.  pp.  22  &  98  (18CC). 

t  Comptes  iiendus,  vol.  Ixxii.  p.  855  (18/1) ;  vol.  Ixxiv.  p.  932  (1872). 
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simultaneously  with  the  grating,  a  mica  plate  of  -  is  put  between 

the  Nicol  prisms  in  a  suitable  azimuth.  The  diffracted  light  is 
then  elliptically  polarized.  For  individual  gratings  the  differ- 
ence of  phase  of  the  components  polarized  parallel  and  perpen- 
dicular to  the  principal  diffraction-plane  can  be  determined  by  a 
Babinet  compensator. 

Still  more  striking  than  in  transmitted  light  are  the  pheno- 
mena when,  in  the  azimuth  +  45°,  linearly  polarized  light  is  re- 
flected from  a  grating,  especially  a  silvered  furrow  or  elevation- 
grating.  In  the  spectrum  of  the  central  image,  or  the  side 
spectrum  of  the  second  class,  with  the  Nicol  prisms  in  a  certain 
position,  one  or  more  dark  streaks  then  mal<e  their  appearance, 
which  when  the  Nicols  are  rotated  travel  from  one  Fraunhofer's 
line  to  another  or  disappear.  Their  site  varies  with  the  form, 
distance,  and  material  of  the  furrows  or  elevations,  the  angle  of 
incidence,  and  the  substance  in  which  the  diffraction  takes  place. 
Furrow-  and  elevation-gratings  of  symmetrical  form  again  show 
the  same  phenomena.  Deviations  are  to  be  accounted  for  by 
small  differences  in  shape  of  the  furrows  or  elevations,  which 
very  considerably  influence  the  phenomenon. 

Between  crossed  Nicol  prisms,  a  grating  shows  in  the  trans- 
mitted or  reflected  light  secondary  maxima  with  someFraunhofcr's 
lines  which  without  them  are  not  perceived.  They  are  variously 
coloured,  according  to  the  azimuth  of  the  analyzing  prism. 

Different  gratings  show  quantitative,  but  not  qualitative  dif- 
ferences, as  I  have  found  by  numerous  measurements,  which 
will  soon  be  given  in  another  place,  where  the  labours  of  other 
observers  will  also  be  described. 

Abstracted  from  all  theoretical  considerations,  the  experiments 
showed : — ■ 

1.  Linearly  polari/cd  light  gives  in  general,  after  diffraction, 
light  elliptically  polarized. 

2.  The  difference  of  phase  and  ratio  of  amplitude  of  the  com- 
ponents polarized  parallel  and  perpendicular  to  the  principal 
ditrraction-plane  vary,  the  angle  of  incidence  being  the  same, 
with  the  order  of  the  spectrum,  so  that  witii  an  increasing 
angle  of  diffraction  they  may  become  greater  or  less.  An  in- 
crease or  diminution,  however,  may  be  succeeded  l)y  a  dimi- 
nution or  an  increase,  and  so  forth. 

3.  The  increase  or  diminution  is  very  different  for  dillVrcnt 
colours ;  and,  under  otherwise  similar  conditions,  one  colour 
may  show  an  increase,  another  a  diminution. 

4.  If  the  difference  of  ])hase  of  the  two  comjioncnts  polarized 
])arallel  and  perpcndicuhir  to  the  principal  diffraction-plane  is 
small,  in  the  diffracted  light  a  rotation  of  the  plane  of  polar- 
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ization  is  perceived,  which  with  the  same  angle  of  incidence 
and  the  same  spectrum  of  the  second  class  is  different  in  amount, 
and  the  absolute  value  of  which  may  become  greater  or  less  as 
the  wave-length  increases.  To  an  azimuth  +a  or  — a  of  the 
incident  light  corresponds  after  the  diffraction  the  same  azi- 
muth +  /3or  — /3  of  the  transmitted  or  reflected  light.  For  the 
directly  transmitted  or  reflected  rays  (corresponding  to  the  dif- 
fraction-angle 0"^)  the  rotation  of  the  plane  of  polarization 
may  amount  to  a  faw  minutes  or  several  degrees — with  the 
lateral  maxima  of  the  second  class,  to  90°  or  more.  The  more 
frequent  case  is  where  the  amplitude  polarized  perpendicular 
to  the  principal  diffraction-plane,  or  parallel  to  the  lines  (fur- 
rows) of  the  grating,  is  greater  for  blue  than  for  red  light. 

5.  A  grating  inserted  between  Nicol  prisms  or  polarizing  ap- 
paratus, when  the  incident  light  is  white,  imparts  to  the  directly 
transmitted  or  reflected  light  similar  colours  to  those  shown  by 
plates  of  crystal  between  polarizing  arrangements. 

6.  Ratio  of  amplitude  and  difference  of  phase  vary,  under 
otherwise  like  conditions,  with  the  inclination  of  the  grating  to 
the  incident  rays. 

7.  Ratio  of  amplitude  and  difference  of  phase  change,  for  nor- 
mal as  well  as  for  oblique  incident  rays,  with  the  substance  of 
which,  with  transmitted  light  the  surface  of  the  bars,  with  re- 
flected light  the  furrows  or  elevations  of  the  grating  consist. 

8.  The  amplitude-ratio  and  phase-difference  change  with  the 
width  of  the  apertures  or  the  form  of  the  furrows  or  elevations. 

9.  The  finer  the  grating,  or  the  more  it  is  inclined  to  the  in- 
cident rays,  the  greater,  c ceteris  paribus,  is  the  change  produced 
by  diffraction  in  the  ratio  of  amplitude  and  the  difference  of 
phase  of  the  light-waves  polarized  parallel  and  perpendicular  to 
the  principal  plane  of  diffraction. 

10.  The  light  reflected  fi-om  furrowed  metallic  mirrors  directly 
in  the  principal  diffraction-plane  exhibits  very  nearly  the  same  dif- 
ference of  phase  as  with  smooth  mirrors  of  the  same  material. 
The  amplitude  polarized  parallel  to  the  reflection-  or  principal 
diffraction-plane  predominates  still  more  over  the  amplitude  po- 
larized perpendicular  to  the  plane  of  incidence  than  with  unfur- 
rowed  metallic  mirrors.  The  direct  reflected  light  from  fur- 
rowed metallic  mirrors  approaches  nearer  in  its  properties  to 
that  reflected  from  transparent  substances  than  does  that  which 
is  reflected  from  smooth  unfurrowed  metallic  mirrors. 

11.  With  gratings  in  other  respects  alike,  the  phenomena 
vary  with  the  substance  in  which  the  diffraction  takes  place. 

12.  The  secondary  maxima,  for  which  the  theory  does  not 
account,  exhibit  the  same  remarkable  behaviour  towards  polar- 
ized light  as  the  maxima  of  the  second  class. 

Phil.  Mag.  S.  4.  Vol.  45.  No.  301.  May.  1873.        2  B 
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13.  Furrow-  and  elevation-gratings  of  symmetrical  form  ex- 
hibit so  nearly  the  same  behaviour  towards  polarized  light, 
if  right  and  left  are  exchanged,  that  the  phenomena  may  be  re- 
garded as  identical. 

For  the  explanation  of  these  phenomena,  I  think  it  must  be 
admitted  that  difference  of  phase  and  ratio  of  amplitude  of  the 
light  polai'ized  parallel  and  perpendicular  to  the  principal  diffrac- 
tion-plane depend  on  the  diffraction- angle  and  also  on  the  substance 
and  the  magnitude  of  the  houndarij  between  the  heterogeneous  jjarts 
of  a  grating  upon  which  the  unit  of  cross  section  of  the  incident 
light  falls. 

This  tells  in  favour  of  an  influence  of  the  molecules  of  the 
substance  upon  the  oscillations  of  the  aether  particles,  and  the 
inadmissibility  of  Huyghens^s  principle  at  the  margins  of  the 
apertures  or  furrows  of  a  grating. 

The  theorems  found  by  experiment  for  gratings  with  groups 
of  apertures  of  like  form,  at  equal  distances  from  one  another, 
must  hold  also  for  gratings  with  similar-formed  groups  of  aper- 
tures at  unequal  distances  from  each  other  or  for  single  groups 
of  apertures,  and  even  for  heterogeneous  particles  distributed 
in  a  homogeneous  base.  Therein  the  distance  and  magnitude 
of  these  particles  may  be  less  than  a  wave-length. 

Indeed  polarized  light  exhibits  the  same  behaviour  towards 
single  slits  and  furrows,  or  towards  gratings  with  like-formed 
groups  of  apertures  at  unequal  distances  from  one  another,  as, 
according  to  the  searching  investigations  of  Fizeau^,  it  shows 
towards  ordinary  gratings.  Further,  similar  are  the  phenomena 
of  the  jjolarization  of  the  light  of  the  sky  which  Aragof,  Babi- 
netj,  and  Brewster  §  have  observed,  the  polarization  pointed  out 
by  Govi  II  and  Tyndall^  in  clouds  of  fine  particles  of  dust  and 
vapour,  and  the  polarization  of  diffused  light  which  occurs  when 
diffraction  is  produced  by  very  small  heterogeneous  particles  dis- 
tributed in  water  or  other  liomogcneous  transparent  liquids  or 
solids,  as  described  particularly  by  Soret**  and  Lalleinaiultf. 

All  these  experiments  show  that  the  light  polarized  parallel 
to  the  plane  of  diffraction  may  have  greater,  less,  or  the  same 
intensity  as  that  which  is  polarized  perpendicular  to  the  same 

*   Cnmptes  Rendusdc  VAcad.  des  Sci.  vol.  Hi.  pp.  2()7,  1221  (ISfJl). 

t    Werkc,  deutsch  von  Ilaiikcl,  vol.  vii.  ])p.  1^27,  369  (1824). 

+   Omiptcs  nrndiis,v()l.  xi.  p.  <U9  (1810). 

$  Ibid.  vol.  XX.  p.  802  (1 81.0).  xxiii.  p.  234  (184(5). 

II  ll)i<l.  vol.  li.  |)p.  :m),(WJ  (18(i0). 

f   Phil.  Trans.  1870.  p.  348. 

**  Arch.  d.  Sc.  PInjs.  vol.  xxxv.  ]>.  T)  1  (18G!J),  xxxvii.  p.  148,  xxxix. 
p.  1  (18/0). 

tt  Comples  Hendiis,  vol.  Ixix.  pp.  18:>,  282,  iHJ,  ]'2\)4  (\i<i\^)),  \\\. 
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plane,  and  consequently  that  the  direction  of  the  oscillations 
of  the  sether  relative  to  the  plane  of  polarization  cannot  be  de- 
termined as  the  theories  and  theoretical  considerations  of 
Stokes*,  Holtzniannf,  LorenzJ,  Lalleniand§,  and  Strutt^  have 
attempted  to  determine  it,  from  the  behaviour  of  diffracted 
light. 


XLVII.   On  certain  Early  Logarithmic  Tables. 
By  Professor  D.  Bierens  de  Haan**. 

IN  reference  to  a  very  interesting  Note  of  Mr.  J.  W.  L. 
Glaisher's,  I  think  I  can  give  additional  elucidation  on 
some  points.  I  have  now  before  me  the  two  works  of  Ezechiel 
de  Decker^  the  first  having  the  title  : — 

EeRSTE  DEEL  II  VAN  DE  NIEVWE  ||  T'ELKONST,  ||  IXHOVDEXDE 
VERSHEYDE     II     MANIEREN     VAN    REKEXEN,     WAER    ||    door    Secr 

licht  konnen  volbracht  worden  de  Geo-  ||  metrische  ende  x\rith- 
metische  questien.  ||  Eerst  ghevonden  van  Igaxne  Nepero 
Heer  ||  van  Merchistoun,  ende  uyt  het  Latijn  overgheset  door  1| 
Adrianvm  Vlack.  II  fVaer  achter  byyevoegt  zijn  eenige  seer 
lichte  manieren  van  Rekenen\\  tot  den  Coophandel  dienstigh,  leerende 
alle  ghemeene  Rekeninghen  \\  sonder  ghebrokens  af  veerdighen. 
Mitsgaders  Nieuwe  Tafels  \\  van  Inter esten,  noyt  voor  desen  int 
licht  ghegeven.  \\  Door  Ezechiel  de  Decker,  Rekenm''.  ||  Lant- 
meter,  ende  Liefhebber  der  JNIathematische  ||  kunst,  residerende 
ter  Goude.  ||  Nock  is  hier  achter  byghevoeght  de  Thiende  van  \\ 
Symon  Stevin  van  Brugghe.  ||  Ter  Govde,  ||  By  Pieter  Ramma- 
seyn,  Boeck-verkooper  inde  corte  ||  Groenendal,  int  Vergult 
A  B  C.  1626.  II  Met  Previlegie  voor  thien  laren. 

Pages  xii  (not  paged) ;  A-Rr  (page  1-308) ;  a-q  (128  pages, 
not  paged)  ;  A-D  (pages  1-27),  quarto. 

The  first  twelve  pages  contain,  after  the  title,  a  copy  of  the 
privilege ;  a  dedication  to  the  States  General,  to  the  Councillors 
of  Holland  and  West  Frisia,  to  the  Mayor  and  Sheriffs  of  the 
town  of  Gouda  ;  a  preface  to  the  benevolent  and  scientific  reader 
(Voor-reden  tot  den  Goetwilligen  ende  Konstlievenden  Leser); 
three  sets  of  Latin  verses  by  Patricius  Sandaeus  and  Andreas 
Junius  ;  the  index  (Register  van  alle  de  Hooftstucken) ;  and  the 
table  of  errata  (de  Druck-fauten  salmen  aldnus  verbeteren). 

The  39  following  sheets,  A-Rr  (the  sheet  Cc  has  but  four 

*  Cambr.  Trans,  vol.  ix.  p.  ;J5  (1S51). 
t  Pojrs-  ^«"-  vol.  xcix.  p.  446  (1S56). 
X  Ibid,  vol.  cxi.  p.  321  (IS(J0). 
§   Comptes  Rendus,  vol.  Ixix.  p.  190  (lSfi9). 
H  Phil.  Mag.  S.  4.  voL.xli.  p.  450  (18/1). 
**  Coinmuuicatcd  bv  the  Author, 
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pages,  where  begins  a  collection  of  tables  for  the  alloyage  of  silver 
and  gold),  contain  by  J.  Neper : — 

Eerste  Boeck  vande  Tellingh  door  Roetjes,  van  het  gebruyck 
der  Telroetjes  intgemeeii  (Rabdologiae  liber  I.)  .  pp.  ]-40 
Tweede  Boeck  vande  Tellingh  door  Roetjes,  van  het  gebruyck 
der  Telroetjes  in  Meetdaden  ende  Werckdaden  met  behulp 
van  Tafels  (Rabdologiae  liber  II.)  ....  pp.  41-88 
Aenbangsel  van  het  Veerdigh-ghereetschap  van  Menighvul- 
digingh  (Appendix  de  expeditissimo  Multiplication  is  Promp- 

tuario) pp.  89-112 

Van  de  Plaetselicke  Telkunst  (Arithmetica  localis) : 

pp.  113-148 
And  by  Ez.  de  Decker, 

Van  Coopmans  Rekeninghen  (Mercantile  Arithmetic)  : 

pp. 149-308 

The  16  sheets  that  follow  (a-q)  contain  Jaer-  en  Maent-Tafels 
van  Interest  teghen  5  (6_,  7,  8^  7y^,  7f,  6|,  6;^)  ten  hondert. 
(Discount  Tables.) 

At  the  end  we  find  a  translation  of  Simon  Stevin's  la  Disme 
in  27  pages  ;  it  has  a  title  by  itself  (and  is  printed  separately ; 
at  least  I  have  a  copy  quite  identical  with  it). 

De  II  Thiende.  ||  Leerende  door  ||  onghehoorde  lichtigheyt 
alle  re-  1|  keninghen  onder  den  Menschen  noodigh  val-  ||  lende, 
afveerdighen  door  heele  ghetal-  ||  len,  sonder  ghebrokencn,  || 
Door  Simon  Stevin  ||  van  Brugghe.  ||  Ter  Govde,  ||  By  Pieter 
Rammaseyn,  Boeck-  ||  vercooper,  inde  Corte  Groenendal,  int 
Duyts  II  Vergult  AB  0.  ||  M.DC.XXVI. 

De  Decker,  a  surveying  engineer,  gave  lessons  in  mathema- 
tics [Preface  :  ''Tervvyl  ick  inde  Vermaerde  stadt  Gouda  Professie 
docnde  van  de  Meetkonst  ende  Rekenkonst'^] ;  but  he  did  not 
understand  the  Latin  language  [Prcf.  :  "Doch  also  ick  inde  La- 
tijnschc  sprakc  onervaren  was"],  and  therefore  had  recourse  to 
Adriacn  Vlacq,  who  was  at  that  time  bookseller,  it  seems,  under 
the  firm  of  Pieter  Rammaseyn;  for  in  the  copy  of  the  Privilege, 
which  is  given  to  Vhicq  himself  ["  conventcren  en  accorderen 
mits  desen  Adriaen  Vlacci "]  for  ten  years,  it  is  decreed  that  in  case 
of  counterfeiting  there  be  foifeit(;d  the  sum  of  a  hundred  and 
fifty  guilders,  in  order  to  give  a  third  part  to  the  officer  that  shall 
make  the  challenge,  another  third  to  the  poor,  and  the  last  third 
to  Adriaen  Vlacq.  This  Vlacq,  a  young  man  of  20  years,  who  un- 
derstood the  Latin  language,  and  was  at  the  same  tin»e  a  good  ma- 
thematician [Preface  :  "  dvu  konstlievenden  longhman  Adriaen 
Viae,  (lie  hem  docnmael  met  giooten  yver  inde  Meetkonst 
oeff'ende"],  translated  for  de  Decker  the  'Mirifici  Logaiitlimorum 
CanonisDcscriptio'of.IoannisNcperi;  but  this  seemed  to  take  too 
high  a  flight  for  dc  Decker's  purpose.      lie  was  better  j)lcascd 
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wltli  the  translation  of  Joannis  Neperi  Rabclologia,  wliich  he  gave 
in  the  volume  just  described.  In  the  second-  volume  he  pur- 
posed to  give  the  translation  of  Henrici  Briggii  Arithmetica 
Logarithmica  and  the  Tables  of  Edmund  Gunterus  [Professor  in 
Astronomie  tot  Londen] ;  but  he  cautions  the  reader  to  have 
some  patience  till  that  second  volume  be  printed  ["  verwachten 
met patientie,  tot  dat  het  Tweede  Deel  voldruckt  is"]. 

Now  this  second  volume  has  never  appeared ;  and  by  and  by 
I  will  give  a  conjecture  why  not. 

At  the  same  time  that  the  first  volume  appeared,  at  least  with 
the  same  date  [4  September  int  Jaer  1626]  he  gave  another 
work  with  the  title  Nievwe  1|  Telkoxst,  \\  inhovdende  de  || 
LoGARiTHMi  vooR  DE  GHE-  ||  tallcu  bcginneude  van  1  tot  10000, 
ghemaeckt  ||  van  Henrico  Briggio  Professor  |!  van  de  Geo- 
metrie  tot  Ocxfort.  ]|  Mitsgaders  ||  De  Tafel  van  Hoeckmaten 
ende  Raecklijnen  door  \\  het  ghebruyck  van  Logarithmi,  de  Wortel 
zijnde  van  \\  10000,0000  deelen,  gemaeckt  van  Edmund.  Gun-|| 
tero.  Professor  vande  Astronomie  tot  Londen.  ||  AVelcke  ghetallen 
eerst  ghevonden  zijn  van  ||  Joanne  Nepero  Heer  van  Mer- 
chistoun  :  ||  Ende  \\  't  gebruyc  daer  van  is  met  eenige  Arithmeti-  || 
sche,  Geometrische  ende  Spherische  Exempelen  \\  cortelick  aenyhe- 
wesen,  \\  Door  Ezechiel  de  Decker,  Rekenmeester,  ende  \\  Lant- 
meter  residerende  ter  Goude.  ||  Ter  Govde,  ||  By  Pieter  Ramma- 
seyn,  Boeck-verkooper  inde  1|  corte  Groenendal,  int  vergult  ABC. 
1626.  II  Met  Privilegie  voor  thien  laren. 

Pages  viii  (not  paged) ;  A-D  (pages  1-51),  A-M  (169  pages 
not  paged),  A-F  (91  pages  not  paged,  in  octavo).  The  first  eight 
pages  contain  the  title,  the  privilege  (again  to  the  name  of 
Adriaeu  Vlack,  as  before),  the  preface,  and  three  sets  of  verses  by 
Andreas  Junius  (difiFerent  from  those  in  the  first  volume).  In  the 
preface  de  Decker  rejects  the  logarithms  of  Neper,  and  adheres 
to  those  of  Briggs  ["  om  d^eerste  Logarithmi  te  verwerpen,  ende 
dese  aen  te  nemen  "]  ;  and  after  speaking  of  his  editing  the  second 
volume,  that  will  become  greater  than  the  first  one  ["ende  nadien 
dit  grooter  sal  zijn  als  het  Eerste  Deel"],  and  therefore  require 
some  time  for  printing,  announces  that  he  is  willing  to  give  a 
Manual  for  some  amateurs'  sake  that  they  may  profit  thereby 
in  the  mean  time  ["  Maer  alsoo  eenige  Liefhebbers  vcrlanghen 
het  gebruyck  daer  van  te  moghen  sien,  ende  doch  eenighe 
Handtboeckxkcns  van  doen  hebben,  soo  hcbben  wy  dit  doen 
Drucken"].  For  this  reason  he  gives  the  logarithms  from  1  to 
10,000,  taken  from  the  'Arithmetica  Logarithmica  Henrici 
Briggij,'  and  a  Table  for  Sines  &c.  of  Edmund  Gunter.  The 
first  Table  occupies  the  sheets  A  to  M  in  169  pages,  and  has  the 
Latin  title : — 

Henrici  Briggii  ||  Tabvla  ||  Logarithmorvm,  ||  pro  nv- 
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MERis  AB  VNITATE,  ||  ad  10000.  ||  GovDAE,  1|  Typis  Petri  Ram- 
masenij.  ||  M.DC.XXVI.  (and  not  the  Dutch  one  mentioned 
by  Mr.  Glaisher),  and  gives  ten  places  of  decimals  with  differ- 
ences. The  second  Table  occupies  the  last  sheets,  A-F,  and 
has  the  Dutch  title : — 

Edmundi  Gvnteri  II  TafeljI  Van  Hoeck-maten  endelj  Raeck- 
lijnen,  den  Wortel  zijnde  van  ||  10000,0000  deelen. 

These  Tables  are  preceded  (pages  1-51)  by  an  Explanation 
["  Onderwijsingh  hoemen  de  ||  Tafel  Henrici  Briggii  verstaen  H 
sal  om  te  ghebruycken  "] . 

Now  Adriaen  Vlacq,  being  the  printer  of  this  smaller  work, 
certainly  was  already  occupied  with  the  calculation  of  his  Tables, 
that  were  published  two  years  later  (Gouda,  1628) ;  and  as  these 
contained  far  more  than  the  great  work  [groote  werck]  of  de 
Decker  promised  or  could  contain,  and  as,  in  the  second  place,  the 
last  of  the  books  before  named  was  a  manual  that  was  very  con- 
venient for  use,  I  think  we  might  give  these  two  reasons  for  the 
non-appearance  of  the  second  volume.  Perhaps,  also,  logarithms 
being  still  nearly  unknown,  de  Decker  may  have  sold  but  few 
copies  of  his  smaller  work  (at  least  it  is  now  very  scarce),  and 
have  thought  it  prudent  not  to  commit  his  purse  by  editing  the 
larger  one.  The  not  selling  of  this  smaller  work  may  have  been 
the  reason  that  a  sufficient  number  of  copies  was  sent  to  London, 
where  they  were  added  to  a  work  of  J,  Wells,  as  Mr.  Glaisher 
has  shown. 

I  think  I  have  shown  that  these  small  Tables  were  printed, 
and  the  English  Latin  text  translated  by  Vlack,  and  that  de 
Decker  collected  these  works  in  his  Nieuwe  Telkonst ;  so  that 
it  may  be  surmised  that  Vlack,  after  having  completed  his  own 
calculations  and  edited  his  'Arithmetica  Logarithmica^  in  1G28, 
regarded  this,  his  great  work,  as  completely  eclipsing  his  first 
essays  (whicii  contained  many  errors),  and  so  did  not  allude  to 
them  at  all ;  for  Vlack  was  not  a  boasting,  but,  on  the  contrary, 
a  very  modest  man,  as  may  appear  in  the  title, 

ArITHMKTIQVE  II  Lor.ARITHMETIQVE   ||  OV  ||  La   CONSTRVCTION 

ET  II  V8AGE  d'vne  Table  contenant  ||  Ics  Logarithuics  de  tons 
les  Noinbr(!S  de-  ||  puis  I'Vnite  jusqucs  a  100000,  ||  v.v  \\  d'vn'e 
avtre  tahle  en  II  laquellc  sont  comprins  les  Logaritlinies  dcs 
Sinus,  II  Tangeiites  &  Secantes,  de  tous  les  Degrez  &  Minutes 
du  quart  du  1|  Cercle,  selon  Ic  Raid  de  10,00000,00000.  parties.  || 
Par  le  moyen  desquelles  on  resovlt  tres-faci-  1|  lement  les 
Problnncs  Aritlnnetujnes  <Sf  Geonicfrujues.  \\  Ces  nombres  pre- 
miehement  II  sont  inventez  par  .Ikan  Neper  Baron  de  ||  Mar- 
chiston  :  Mais  licnry  Brigs  Professeur  de  la  ||  (ieometrie  en  I'Vni. 
versitc  d'Oxford,  les  a  ||  change,  &  leur  Nature,  Origine  &  || 
Vsage  iiluatre  selon  l'inten-||tion  du  dit  Neper.  ||  La  descrip- 
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Tiov  EST  TRADViTE  DV  LATix  EN  ||  Fmnqois,  la  premiere  Table 
auymentee,  (^-  la  seconde  \\  composee  par  Ailriaen  Vlacq.  ||    Diev 

NOVS    A    DONNE    l'vSAGE    DE    LA    VIE    ET    d'eN-    ||    TENDEMENT, 
PLVS  QV'lL  n'a  fait  ||  PAR  LE  TEMPS  PASSB.    ||   A  GoVDE,  ||    ChcZ 

Pierre  Rammasein.  ||  M.DC. XXVIII.  \\Avec  Privilege  des  Estats 
Generaux'. 

Pages  viii.  (not  paged)  contain  the  title,  Preface  au  Lec- 
teiir  and  Fautes  a  corriger  (which  is  generally  missing) ;  sheets 
a-g  (pages  1-84)  contain  thirty  chapters  of  explanation ;  sheets 
A-Kkk  (720  pages  not  paged)  contain  Tafcl  der  Logarithm! 
voor  de  ghetallcn  van  1  af  tot  100000  (this  title,  not  the  French 
one  in  the  copy  at  the  British  Museuai,  is  that  occurring  in 
JMiller^s  edition);  sheets  LU-Sss  (96  pages  not  paged)  contain 
Canon  Triangulorum  sive  tabula  artificialium  Sinuum,  Tangen- 
tium  et  Secantium,  Ad  Radium  10,00000,00000,  et  ad  singula 
scrupula  Primi  Quadrantis.  It  should  be  noticed  that  every 
sheet  contains  12  pages. 

My  copy,  as  appears  from  a  notice  on  one  of  the  fly-leaves, 
was  changed  on  March  26,  1667,  for  the  second  volume  of  de 
Decker's  '  Nieuwe  Telkonstj'  so  that  it  follows  again  that  this 
latter  work  was  very  scarce. 

Postscript. — I  have  found  a  further  proof  of  the  connexion 
betw^een  Vlack  and  de  Decker  not  having  been  loosened  by  the 
former  publishing  his  '  Arithmetica  Logarithmica,'  and  thereby 
forcing  the  latter  to  suppress  his  "great  work,"  the  second  vo- 
lume of  the  '  Nieuwe  Telkonst.' 

The  same  de  Decker  gave,  some  years  later,  a  treatise  on 
Navigation : — 

Practyck  II  vande  Groote  ||  Zee-vaert  :  ||  beschreven  door  || 
Ezechiel  de  Decker,  Reker-nf.  \\  ende  Lant-meter,  residerende  \\ 
tot  Rotterdam.  ||  Ter  Govde.  By  Pieter  Rammazeyn,  1631, 
in  octavo  (small). 

This  work  contains  sheets  A-D  (the  title,  dedication,  preface, 
and  60  pages  not  paged  of  introductory  matter  ["  Verklaringhen 
vande  Tafels  sinuum,  tangentium  ende  secantium;  Ilandelingh 
vande  platte  driehoecken ;  Handelingh  van  de  spherische  drye- 
hoecken]  ")  ;  sheets  Sl-dF  "  Canones  Sinuum,  Tangentium  et  Se- 
cantium. Ofte  Tafel  van  lloeck-maten,  Raeck-lijuen,  ende  Snij- 
lijnen,  den  Radius  zijndc  lOOOOO"  (92  pages  not  paged;  the 
tables  proceed  by  1'  and  give  10  decimal-places;  as  to  the  loga- 
rithms, there  is  mentioned  at  the  last  page  the  Nieuwe  Telkonst 
in  octavo);  sheets  C-D</  contain  some  explanations,  and  then 
Chapters  I.  to  IX.  of  the  Navigation  (pages  l-oOl,  wiiere  the 
last  page  bears  the  erroneous  superscription  "  Achste  Ilooft- 
stuck");  finally  the  Almanachs  for  1631  to  1640  (pages  305- 
314),  an  Appendix  [By-liangsel]  with  nine  Astronomical  ques- 
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tions  (pages  305-326),   and   the  Index   (pages  327-332,  not 

paged). 

Of  this  work  there  exists  a  second,  enlarged  edition,  in  4to, 
printed  at  Rotterdanj,  1659. 

This  first  edition  being  printed  in  1631  by  Vlack  himself, 
the  author  residing  then  at  Uotterdam,  refutes,  I  think,  the  idea 
of  Vlack  and  de  Decker  having  quarrelled ;  neither  is  the  as- 
sumption of  a  quarrel,  as  I  think  I  have  shown,  necessary  to 
explain  the  non-appearance  of  the  "  Groote  werck,"  or  the 
fact  that  Vlack  does  not  mention  de  Decker,  as  the  parts  of  the 
two  volumes  of  the  Nieuwe  Telkonst  that  were  translated  from 
Neper,  were  Vlack^s  own  work  and  not  de  Decker^s. 

Leyden,  March  3,  1873. 


XLVIII.  On  Early  Logarithmic  Tables,  and  their  Calculators. 
By  J.  W.  L.  Glaisher,  B.A.,  Fellow  of  Trinity  College,  Cam- 
bridge *. 

THERE  are  a  few  remarks  in  connexion  with  Prof,  de  Haan's 
paper  (which  he  was  kind  enough  to  submit  to  me  pre- 
viously to  publication)  that  it  will  be  convenient  to  make  in  im- 
mediate juxtaposition  with  it.  And,  first,  in  reference  to  the 
paper  itself  I  may  recall  to  mind  the  circumstances  that  gave 
rise  to  it.  j\Iy  former  communications,  October  and  December 
(Supplement)  1872,  contained  descriptions  of  two  works  which 
had  apparently  dropped  completely  out  of  notice  in  regard  to 
the  history  of  logarithms,  viz.  De  Decker's  Nieuwe  Telkonst  and 
Eerste  Deel  van  de  nieuwe  Telkonst  (full  titles  given  above) 
published  at  Gouda  in  1626.  The  former  of  these  contains  loga- 
rithms ;  and  in  the  prefaces  of  both  are  acknowledgments  of  the 
services  rendered  by  Vlacq  in  their  preparation.  The  most  curious 
point,  however,  was,  that  in  both  there  are  allusions  to  a  much 
larger  work  on  logarithms,  for  which  the  reader  was  directed  to 
wait  patiently,  using  the  Nieuwe  Telkonst  merely  as  a  make- 
shift till  its  appearance.  Now  the  only  book  to  which  these 
promises  (suj)posing  them  to  have  been  fulfilled)  could  apply 
was  the  Arithmetica  Logarithmica  of  1628,  which,  as  is  well 
known,  was  published  by  Vlacq  alone,  and  contains  not  the 
slightest  allusion  to  De  Decker,  or  to  any  j)revioiis  publication  of 
logiiritlims  at  Gouda.  The  difficulty,  therefore,  is  to  account 
for  Vlac(|'s  total  silence  with  regard  to  a  work  in  the  pr('|)aration 
of  which  he  had  had  a  share,  and  which  contained  an  announce- 
m(;nt  either  of  the  Arithmetica  itself,or  of  some  abandoned  j)r<)ject 
which  had  been  superseded  by  it.     In  either  case  the  omission 

*  Communicated  by  the  Autlior. 
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was  equally  remarkable  ;  and  I  expressed  an  opinion  "  that  Vlacq 
must  have  quarrelled  with  Decker,  or  for  some  other  cause  have 
had  a  set  purpose  to  ignore  his  book  entirely."  The  hypothesis 
of  the  quarrel  rested  on  no  other  evidence  except  such  as  the 
foregoing  facts  afforded ;  and  I  am  very  glad  Prof,  de  Haan,  by 
showing  that  friendly  relations  existed  betw'een  Vlacq  and  De 
Decker  i)i  1631;  has  proved  it  to  be  untenable.  He  considers 
the  smaller  tables  were  printed  by  Vlacq,  and  merely  collected 
by  De  Decker,  and  attributes  the  silence  of  the  former  in  the 
Aritlimetica  to  the  fact  that,  in  comparison  with  this  work,  he 
was  rather  ashamed  of  his  earlier  performances;  while  De 
Decker  did  not  keep  his  word,  because  Vlacq  occupied  the 
ground  he  had  intended  to  cover.  The  explanation  is  not  very 
satisfactory  (as,  whatever  the  circumstances  may  have  been,  De 
Decker  and  the  promises  should  not  have  been  ignored)  ;  but  it 
is  perhaps  the  best  that  will  ever  be  obtained.  Prof,  de  Haan 
apparently  grounds  his  statement  that  Vlacq  was  a  bookseller 
under  the  firm  of  Pieter  Rammaseyn  on  the  fact  that  the  pri- 
vileges are  made  out  to  him*.  At  the  time  of  writing  my  papers 
I  was  surprised,  though  I  find  that  I  have  not  alluded  to  the 
matter,  at  Vlacq^s  name  being  mentioned  in  both  the  privileges 
(while  neither  De  Decker's  nor  Rammaseyn's  appear  at  all  in 
that  of  the  Nieuwe  Telkonst,  where  De  Decker's  alone  appears  on 
the  titlepage) ;  and  I  do  not  even  now  see  the  reason  very 
clearly.  With  regard  to  the  date  when  Vlacq  became  a  book- 
seller, his  own  words  are  : — "  Ignosce  quseso,  Beuevole  Lector,  si 
nimis  prolixus  sum  in  narranda  historiuncula  vitse  raeae  quam 
abhinc  26  annis  institui :  ex  eo  enim  tempore,  nescio  quo 
fato,  in  librorum  commercium  incidi.  In  HoUandia,  qure  mea 
patria  est,  tum  temporis  vivens,  ex  Anglia  acceperam  insignis 
Mathematici  Heurici  Briggii  Arithmeticam  Logarithmicam,  Opus 
sane  aureum,  et  omnium  inventionum  in  artibus  Mathcmaticis 
meo  judicio  excellentissimara ;  in  quo  erant  Logarithmi  pro 
numeris  ab  uuitate  ad  20000  et  a  90000  ad  100000.  Cum- 
que  viderem  Logarithmos  pro  numeris  a  20000  ad  90000  ibi 
desiderari,  animus  mihi  erat  lacunam  istam  explere,  quod  et  in- 
credibili  temporis  brevitate  solus  peregi,  ita  ut  D.  Brigo-ius 
aliique  Mathematici  in  Anglia  admirati  fuerint,  quod  nou  solum 
labvjrem  istum,  sed  et  operis  promulgationem  tam  brevi  tem- 
pore absolverim Cum  hbros  istos  imprimi  curabam, 

Typographiam   nondum  habebam,  neq;    Bibliopola  cram,    sed 

*  Since  writing  the  aboVe  I  have  received  a  letter  from  Prof,  de  Haan, 
iu  which,  in  answer  to  my  inquiry,  he  says,  "  I  conehide  that  Vlacq  was  a 
bookseller  in  Hi2()  from  the  privilege  having  been  given  to  him.  althou"h 
he  was  not  the  author  of  the  work  named  on  the  titlei)age.  In  o-cueral 
these  privileges  were  granted  with  us  to  the  booksellers  themselves." 
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esse  cogebar,  ut  exemplaria  excusa  distribuerem ;  istaq ;  de 
occasione  primum  in  Galliam,  deinde  etiara  in  Angliam  profec- 
tus  sum,  ubi  me  rem   meam  bene  acturum  putabam  "  [Joannis 

Miltoni  Defensio  secunda Hag.  Com.  1654.      Typographiis 

pro  se-ipso) .  These  words,  taken  literally,  imply  that  Ylacq  was 
not  connected  with  the  bookselling  trade  until  he  began  to  print 
the  Arithmetica,  which  must  have  been  subsequently  to  1626;  but 
I  do  not  think  that  great  importance  is  to  be  attached  to  their 
exact  meaning,  as  Vlacq  here,  as  in  the  Arithmetica,  ignores  his 
early  work  performed  in  conjunction  with  De  Decker  ;  and  as  we 
know  that  the  Arithmetica  itself  was  also  printed  by  Ramma- 
seyn.  Thus  most  likely  either  Ylacq  had  nothing  to  do  with 
printing  or  bookselling  till  after  the  publication  of  this  work  in 
1628,  or  he  was  connected  with  the  trade  in  some  way  or  other 
through  Rammaseyn  from  the  date  of  his  (or  De  Decker's) 
earliest  logarithmic  work  in  1626.  The  latter  view  is  that 
adopted  by  Prof,  de  Haan,  and  is  very  likely  correct ;  but  the 
simple  meaning  of  Vlacq^s  own  words  agrees  better,  I  think, 
with  the  former.  It  is  proper  to  state  here  that  a  list  of  names 
(with  dates  and  places)  of  editors  of  logarithmic  tables  appended 
to  a  tract  of  Prof,  de  Haan's,  "lets  over  Logarithmentafels  "  *, 
contains  that  of  De  Decker  (Gouda,  1626)  ;  but  this  is,  as  far  as 
I  know,  the  only  ])lace  in  which  any  allusion  is  made  to  the 
work.  It  should  also  be  added  that  the  above  paper  on  De 
Decker's  works  was  written  by  Prof,  de  Ilaan  before  he  had 
seen  my  second  communication,  *'  Supplementary  Remarks,  &c." 
(Phil.  Mag.  Dec.  Suppl.  1872),  which  accounts  for  the  partial  re- 
capitulation of  the  translation  of  a  portion  of  the  preface  of  the 
Erste  Deel  van  de  Nietave  Telkonst.  In  regard  to  the  life  of 
Vlacq,  Mr.  W.  Barrett  Davis  drew  my  attention  to  the  following 
petition,  printed  in  the  Calendar  of  State  Papers,  Domestic 
Series,  1687 : — 

"  Petition  of  Richard  Whitacres  to  the  same  [Archbishop 
Laud].  One  Ilooganhuyscn,  a  Dutchman,  being  heretofore 
complained  of  in  the  Migh  Commission  for  importing  books 
printed  beyond  the  seas,  was  bound  not  to  bring  in  any  more. 
One  Viack  has  kej)t  up  the  same  agency,  and  sold  books  in  his 
stead,  and  is  lurking  here,  observing  what  is  most  useful  and 
vendible,  and  causes  it  forthwith  to  be  ])rintcd  abroad.  Peti- 
tioner having  lately  brought  fiom  Frankfort  mart  to  Rotterdam 
four  great  vats  of  books  to  the  value  of  .t;500,  llooganhuysen, 

•  Amsterdam,  lM(i2,  reprinted  from  the  Verslagni  en  Mededeelingen  der 
Kotiinklijkc  Akadcmir  ran  ll'cttiiscliappeii,  Afdcclin^  Natuurkiinde,  Deel 
xiv.  Tins  piimplilet,  wliieli  I  liad  not  met  witli  till  TrDf.  de  Maaii  reeeiitly 
sent  me  n  copy,  eotitiiiiis  far  the  most  coiiij)lete  list  of  writers  on  loj;aritlnus 
or  puhlisliers  of  logarithmic  tai)les  that  I  know  of. 
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upon  untrue  suggestions,  caused  them  to  be  seized  and  sold  to 
Vlack  for  .^100.  Ylack  is  now  preparing  to  go  beyond  seas  to 
avoid  answering  his  late  bringing  over  nine  bales  of  books  con- 
trary to  the  decree  of  the  Star  Chamber,  and  procures  some 
persons  to  pretend  that  he  is  indebted  to  them  (as  formerly 
Hooganhuysen  did),  thereby  to  get  the  books  into  their  posses- 
sion. Petitioner  prays  order  to  bring  the  bales  to  Stationers' 
Hall,  there  to  remain  till  Vlack  shall  re-deliver  to  him  the  said 
four  vats  of  books,  or  at  least  at  the  same  price  he  bought  them. 
Reference  to  Sir  John  Lambe  to  take  three  Commissioners' 
hands,  and  by  warrant  bring  the  books  above-mentioned  to 
Stationers'  Hall,  till  the  cause  may  be  heard.  13th  November, 
1637"  (Vol.  ccckxi.  p.  94). 

This  series  of  the  Calendar  of  State  Papers  is  not  as  yet  pub- 
lished beyond  the  beginning  of  1639,  so  that  it  is  not  certain 
whether  Vlacq's  name  will  occur  again ;  but  we  know,  from  his 
own  account  (Phil.  Mag.  Oct.  1872),  that  a  compromise  was 
eflfected.  The  case  of  Hooganhuysen  (David  van  Hooganhosen 
as  he  generally  appears)  was  repeatedly  before  the  court  for  more 
than  a  year.  He  originally  had  James  Bleau  as  his  co-defendant ; 
but  the  latter  was  discharged  on  June  26,  1634,  and  judgment 
against  the  former  given  on  June  15,  1635,  in  the  following 
words  : — "  Considering  the  ill-consequence  and  scandal  that 
would  arise  by  strangers  importing  and  venting  in  this  kingdom 
books  printed  beyond  seas,  it  was  ordered  that  Hooganhosen 
should  not  bring  over  or  sell  Mercator's  Atlas  or  Atlas  J\lajor  in 
English,  and  if  such  be  brought  over  by  any  one  they  are  to  be 
seized."  He  was  also  subsequently  (July  7,  1635)  ordered  to 
carry  out  his  contract  with  regard  to  the  delivery  of  Amesius 
upon  the  Psalms  and  other  works  to  certain  booksellers.  It 
will  be  seen  how  well  the  quotation  about  Vlacq  agrees  with 
his  own  account.  He  was  about  ten  years  in  London,  and 
finally  left  on  the  breaking  out  of  the  civil  war ;  so  that  he  spent 
the  years  from  1632-1642  in  England*,  the  first  few  very 
peaceably,  but  afterwards  he  was  treated  as  he  describes.  The 
petition  of  Richard  Whitaci-es  was  very  likely  the  commence- 
ment of  hostilities. 

Of  the  books  which  Vlacq  names  as  having  been  printed  by 
himself  between  1642  and  1648  at  Paris,  I  have  not  been  suc- 
cessful in  seeing  a  copy  that  satisfies  these  conditions ;  but  I 

*  I  take  this  ojiportuuity  of  correcting  a  mistake  of  a  name  in  my  first 
coniiuunication  (Oct.  187-').  Dr.  Johnston  shoukl  be  the  well-known 
Dr.  Juxon,  who  became  Bishop  of  London  in  1G33,  ami  as  Archbishop  of 
Canterbnry  in  1()()0  crowned  Charles  II.  The  Latin  is  Joxstonius,  which, 
considering  the  x  a  misprint  for  n  (a  not  nncommon  interchange),  I  ren- 
dered Johnston.  Vlacq,  writing  after  an  interval  of  fifteen  yearSj'must  have 
only  partially  remembered  the  name. 
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have  met  with  an  edition  of  one  of  them^  viz.  Hugonis  Grotii 
de  Impeno  summarum  Potestatum  circa  sacra  Commeritarius, 
editio  quarta.  .  .  .  printed  by  Vlacq  at  the  Hague  in  1651 ;  the 
De  Jure  Plebis  of  David  Blondel  is  added,  also  printed  by  Vlacq, 
with  date  1652. 

In  the  Calendar  of  State  Papers  (Domestic  Series),  1600- 
1638,  Briggs's  name  occurs  several  times.  He  was  a  Commis- 
sioner of  Sewers  for  Norfolk,  Suffolk,  Cambridgeshire,  &c.,  and 
in  conjunction  with  Sir  Anthony  Thomas,  John  Worsopp,  Hilde- 
debrand  Prusen,  and  others  was  an  undertaker  for  draining  the 
fens  (Dec.  2,  1629).  When  in  February  1625  the  tides  over- 
threw 1120  rods  of  bank  in  the  neighbourhood  of  Yarmouth, 
Briggs  was  consulted  with  regard  to  the  levels.  He  was  also  a 
member  of  a  commission  to  effect  the  removal  of  several  houses  in 
Oxford;  and  his  death  is  reported  by  the  Yice-Chancellor  (Jan. 27, 
1631)  as  having  occurred  the  previous  day. 

Under  date  Nov.  12,  1630,  there  is,  in  the  handwriting  of 
Archbishop  Laud,  a  list  of  Master  Printers  of  London,  with  a 
sum  placed  against  each,  headed  "  To  S.  Paul's ''  (viz.  to  the 
repair  of  St.  PauFs).  The  Calendar  states  that  the  sums 
assessed  run  from  £6  to  George  Miller,  to  £40  to  William 
Jones.  This  is  the  only  mention  I  have  anywhere  seen  of  the 
George  jMiller  who  printed  the  English  (1631)  edition  of  Vlacq 
(except  the  tables  themselves,  which  were  all  printed  at  Gouda) ; 
William  Jones  was  the  printer  of  Briggs's  Arithinetica  of  1624. 

In  more  than  one  place  I  have  remarked  that  a  good  many 
of  the  English  (Miller)  copies  of  the  Arithmetica  contain  the 
titlepages  to  the  Tables  in  Dutch,  and  have  inferred  therefrom 
that  Vlacq  either  did  publish,  or  meditated  the  publication  of  a 
Dutch  edition  of  his  work  (tliat  is  to  say,  of  the  Introduction  to 
it;  the  tabular  portion  is  tlie  same  in  all  editions);  and  this 
view  is  conHnned  by  the  following  extract  from  a  letter  of 
Briggs  to  Pell  (MS.  Birch,  orig.  3195,  now  made  31-98^).    "  My 

•  The  letter  is  addressed  "  To  his  veiT  good  and  muche  respected 
frende  Mr.  John  Pell  at  Trinitie  Coll.  in  Canibridfrc,"  and  is  sealed  with 
what  was,  I  supjjose,  Brigfr-s's  seal.  The  device  may  he  tiius  deseribed : — 
Draw  a  parabola  with  axis  vertiral  \i\Kn\  a  horizontal  line  terminated  both 
ways  bv  tlie  eurve  as  base.  Divide  this  liase  into  seven  equal  parts,  and 
erect  six  ordinates  at  the  points  of  section,  terminated  l)y  tlie  curve. 
Join  one  extremity  of  the  base  to  the  top  of  the  third  ordinate  from  the 
other  e.xfrenuty,  and  the  top  of  the  tir.st  ordiinite  to  the  top  of  the  second 
ordinate  from  the  other  extremity,  and  render  the  fij^iue  symmetrical  by 
joining  the  .other  corresponding  j)oints.  'I'lieii,  snpposmg  these  four  lines 
passed  through  a  |)oint  (in  ])oint  of  fact  they  do  not),  wc  should  Imvc  a 
representation  of  the  device,  the  motto  niider  which  is  "IN  VN\  M." 
What  the  proposition  referred  to  is,  1  do  not  know.  I  at  first  thought  it 
was  as  described  aliove,  but  found  on  investigation  that,  altiiough  in  n 
drawing  the  lines  pass  well  enough  through  a  point,  they  do  not  really 
do  BO. 


Tables,  and  their  Calculators.  381 

desire  was  to  have  those  Chiliades  that  arc  wantinge  betwixt  20 
aud  90  calculated  and  printed,  and  I  had  done  them  all  almost 
by  my  selfe,  aud  by  some  frendes  whom  my  rules  had  sufficiently 
informed,  and  by  agreement  the  busines  was  conveniently  parted 
amongst  us  :  but  I  am  eased  of  that  charge  and  care  by  one 
Adrian  Vlacque,  an  Hollander,  who  hathe  done  all  the  whole 
hundred  chiliades  and  printed  them  in  Latin,  Dutche,  and 
Frenche,  1000  bookes  in  these  3  languages,  and  hathe  sould 
them  almost  all.  But  he  hathe  cutt  of  4  of  my  figures  thi-ough- 
out;  and  hathe  left  out  my  Dedication,  and  to  the  reader,  and 
two  chapters  the  12  and  13,  in  the  rest  he  hathe  not  varied  from 
me  at  all."  (The  whole  letter  is  printed  in  the  '  Letters  on 
Scientific  Subjects '  published  by  the  Historical  Society  of 
Science  in  1841,  under  the  editorship  of  Mr.  Halliwell.) 

I  wrote  and  asked  Prof,  de  Haan  if  he  knew  of,  or  could  find, 
any  Dutch  copy  in  the  Libraries  at  Ley  den;  and  he  has  in- 
formed me  he  has  not  been  able  to  meet  with  any  trace  of  any 
such  having  appeared.  I  think  it  likely  that  the  copies  origi- 
nally intended  for  the  Dutch  edition  were,  when  it  appeared  that 
there  was  little  demand  for  them  in  Holland,  sent  to  London  to 
be  appended  to  an  English  introduction,  and  sold  over  here. 
Whether  George  Miller  bought  the  copies,  or  merely  printed 
the  Introduction  for  Vlacq  is  uncertain  ;  but  the  latter  supposi- 
tion is  in  accord  with  Vlacq^'s  having  come  to  London  in  1632 
(the  year  of  publication)  as  a  bookseller. 

No  one  can  fail  to  notice  the  total  absence  of  any  feeling  of 
irritation  on  Briggs's  part  against  Vlacq  for  having  anticipated 
him  in  the  performance  of  a  work  he  had  so  much  at  heart,  and 
which  he  had  nearly  performed  himself.  This  is  in  perfect 
agreement  with  every  thing  else  that  is  known  of  Briggs;  and 
there  is  no  reason  to  doubt  that  he  stated  the  simple  truth  when 
he  closed  his  preface  to  Wright's  translation  of  the  Canon  Miri- 
ficus  with  the  words,  "  I  ever  rest  a  lover  of  all  them  that  love 
the  Mathematickes.''  Who  Briggs's  friends  were  who  were 
helping  him  with  the  calculation  can  only  be  conjectured.  Very 
likely  Gunter  may  have  been  one ;  and  there  is  reason  to  think 
that  J.  Welles,  of  Deptford,  the  author  of  the  Scioyraphia,  was 
another;  for  in  a  letter  from  the  latter  to  Briggs,  dated  January 
9,  1G21,  and  printed  in  the  *  Correspondence  of  Scientific  Men 
of  the  Seventeenth  Century,  in  the  Collection  of  the  Earl  of 
Macclesfield,'  1841-18G2,  he  speaks  about  the  calculation  of 
logarithms  in  a  manner  which  implies  that  he  was  assisting 
Briggs  in  the  computations  needed  for  the  Arithmetica,  1(524.  In 
reference  to  this  work  it  is  worth  while  to  quote  a  sentence  that 
occurs  in  a  letter  from  Collins  to  Walhs  under  date  Feb.  2,  IGGl' 
(in  the  same  collection) : — "  Mr.  Briggs's  Arit/unetica  Logaritli- 
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mica  being  too  numerous  an  impression,  has  been  tendered  about 
the  streets  at  \s.  6d.  each.  The  hke  I  say  of  Mr.  Barrow's 
Euchd.  Mr.  Sutton  and  myself,  as  Mr.  Marke  well  knows, 
have  bought  divers  of  them  at  Is.  a  book,  in  quires.''  There 
is  very  little  about  the  calculators  of  logarithms  or  their  works 
in  the  Macclesfield  collection ;  but  it  appears  that  in  1673 
Flamsteed  borrowed  a  copy  of  Vlacq's  Trifjonumetria  Artificialis 
from  Collins.  In  a  letter  to  Thomas  Lydyat  (July  11,  1623) 
printed  in  the  Letters  of  the  Historical  Society  of  Science, 
Briggs  speaks  of  being  engaged  on  his  logarithms ;  but  it  is 
sufficiently  evident  from  other  considerations  that  he  must  have 
been  so  employed  at  the  time. 

Birch,  4407,  contains  a  MS.  entitled  "  Imitatio  Nepeirea.  Sive 
Applicatio  omnium  (fere)  regularum  suis  Logarithmis  pertineu- 
tium  ad  Logarithmos  M"  Brigges.  Ex  propria*  descriptione 
sui  Canonis  Mirifici.  Impressa  Edinburgi  Anno  1614."  The 
tract,  which  is  not  in  Briggs's  handwriting,  I  should  imagine, 
from  internal  evidence  (though  I  have  made  no  very  careful 
examination  of  its  contents),  to  have  been  written  about  1623. 
It  seems  to  be  (as  its  name  implies)  a  sort  of  parody,  with 
Briggian  logarithms,  of  Napier^s  Canon  Mirificus  \  but  does  not 
appear  to  possess  any  particular  value  or  interest. 

April  16,  1873. 

XLIX.  Notices  respecting  New  Books. 
Celestial  Objects  for  Common  Telescopes.     Bi/  the  liev.  T.  W.Webb. 

London :  Longmans. 
Report  jyresented  to  the  Board  of  Visitors  of  the  Rayal  Observatory, 

Edi)iburf/Ji.     By  C.  PlAZZi  ^yirTM,  Astronomer  lioyal  for  Scotland. 

THE  appearance  of  a  third  edition  of  the  valuable  epitome  of 
practical  amateur  astronomy  first  mentioned  is  a  strong  evidence 
of  the  healthy  condition  of  the  science,  considered  apart  from  the 
ordinary  work  of  established  observatories.  It  is  now  some  thirty 
years  since  an  impetus  was  given  to  the  labours  of  \he  amateur  by 
the  publication  of  the  late  Admiral  Smvth's  '  Celestial  Cycle  ;'  and 
there  can  be  no  doubt  that  the  progress  made  iu  a  knowledge  of 
double  and  binary  stars  betwx'eu  its  ])ublication  and  the  year  1859 
is  nuiinly  attributable  to  the  'Bedford  Catalogue,'  which  formed  the 
second  part  of  the  'Cycle,'  and  for  which  the  author  received  the 
gold  iiii'dal  of  the  Koyal  Astronomical  Society.  Originally  dedi- 
cated to  Admiral  Smyth,  the  work  which  forms  the  subject  of  tliis 
notice,  in  a(Mition  to  uiost  valuable  inforinut ion  relative  to  the  sun, 
planets,  and  coiiKits,  embodies  in  a  coiidtMised  form  the  most  im- 
portant chanwteristics  of  double  stars,  clusters,  and  nehuhc ;  and 
we  have  only  to  n^fer  to  the  edition  which  has  just  appeared  t(» 
*  Tlic  wonl  which  I  tiike  to  be  propria  is  a  correction  in  a  Ifttcr  lianJ 
of  that  originally  written,  which  was  perhaps  ejus. 
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become  acquainted  with  the  fact  that  this  condensed  catalogue  has 
been  brought  up  to  the  date  of  pubUcatiou  by  the  industrious 
author,  and  thus  supplies  the  hiatus  created  by  the  '  Bedford  Cata- 
logue '  being  out  of  prmt ;  indeed  the  '  Bedford '  is  now  becoming 
a  record  of  the  past,  exceedingly  valuable  as  showing  the  state  of 
this  branch  of  astronomy  in  184-4,  but  inadequate  to  the  wants  of 
the  working  amateur  in  1873. 

The  first  edition  of  the  '  Celestial  Objects '  was  marked  by  a  fea- 
ture almost  unique,  the  only  parallel  being  Tables  of  Limar  objects 
(mostly  from  Schroter)  in  the  late  Sir  David  Brewster's  Supple- 
mentary Chapters  to  Ferguson's  '  Astronomy,' published  iu  1821, 
accompanied  by  a  map  of  the  moon  by  Mayer,  a  predecessor  of 
Schroter.  Mr.  Webb  embellished  his  first  edition  \\-ith.  an  admi- 
rable lunar  map  from  Beer  and  Madler's  Mappa  SelenogrcqiJiica, 
which  for  clearness  of  detail  and  facility  of  reference  can  hardly  be 
surpassed,  and  gave  the  names  of  the  404  objects  which  are  found 
on  the  German  map,  accompanied  with  short  descriptive  notices  of 
the  most  important.  It  was  the  publication  of  this  map  and  cata- 
logue which  drew  that  attention  to  the  study  of  the  moon's  surface 
which  has  resulted  iu  a  revised  impression  of  the  map,  containing 
ninety  additional  numbers  referring  to  as  many  new  names  ui  the 
Ust.  An  appendix  includes  the  latest  information  bearing  on  tele- 
scopes, observations  of  the  Sun,Yenus,  the  Moon,  Jupiter,  Comets, 
and  the  so-called  fixed  stars. 

We  apprehend  that  no  amateur  astronomer  would  wUKngly  be 
A\-ithout  this  valuable  compendium  of  his  science. 

Turning  from  Amateur  to  Government  work,  we  regret  to  find, 
from  the  Eeport  of  the  Astronomer  Eoyal  for  Scotland,  that  no- 
thing additional  is  to  be  given  to  the  Eoyal  Observatory,  Edinbiu*gh. 
It  appears  that  an  extensive  task  is  projected — that  of  forming  a 
general  catalogue  of  Edinburgh  stars  from  the  earliest  davs  of  the 
activity  of  the  Observatory.  The  personal  staff  consists  of  the 
Astronomer  Eoyal  for  Scotland  and  two  assistants  only,  the  daily 
duties  being  the  computation  of  meteorological  observations  from 
fifty-five  stations  of  the  Meteorological  Society  of  Scotland,  the  ob- 
ser\  ation  of  stars  for  time,  and  its  distribution  electrically  by  time- 
ball,  time-gun,  and  controlled  clocks.  A  new  time-gun  has  been 
estabhshed  in  Dundee,  and  a  new  controlled  clock  added  to  the  pri- 
mary series  of  the  Observatory,  the  gift  to  the  Edinburgh  Univer- 
sity of  a  private  gentleman  of  liberal  mind  and  inteUigent  interest 
in  science.  It  is  principally  in  coiuiexion  \\  ith  the  new  equatorial, 
now  nearly  complete,  that  the  Astronomer  Eoyal  for  Scotland  de- 
plores the  want  of  further  aid  from  Government.  Speaking  of  the 
pressing  diiUculties  arising  from  want  of  funds,  he  savs  that  the 
determination  of  (Tovernment  places  him  in  the  position  of  an  ini- 
fortunate  artillery  oilicer  who  shoiikf  have  received  a  big  ^un,  of 
perhaps  the  most  approved  wrought  iron  and  steel  construction  in 
itself,  but  without  the  means  of  mo\-ing  it,  without  powder  and 
shot,  and  yet  should  be  expected  by  the  public  to  be  oontinuallv 
firing  it  with  immense  success  at  all  sorts  of  objects  throughout  the 
■whole  year. 
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March  6,  1873.— Sir  George  Biddell  Airy,  K.C.B.,  President,  in 
the  Chair. 
''PHE  following  communication  was  read  : — 
-*-      "  On  the  Vapour-density  of  Potassium." — Preliminary  Notice- 
By  James  Dewar  and  William  Dittmar. 

isince  the  elaborate  experiuients  of  De^ille  andTroost  on  the  vapour- 
densities  of  substances  at  high  temperatures,  little  has  been  added 
to  chemical  science  in  this  field  of  research.  Doubtless  this  is  in 
great  part  owing  to  the  difficulty  of  any  one  student  manipula- 
ting the  complex  apparatus  necessary  for  the  execution  of  the 
experiments.  But  the  operations  are  greatly  increased  in  difficulty 
when  we  select  bodies  that  are  readily  inflammable  in  air  and  attack 
with  facility  glass  and  porcelain  at  the  high  temperatures  to  which 
they  are  exposed.  This  is  the  reason  why  the  molecular  weights 
of  a  most  important  class  of  elementary  bodies,  viz.  the  alkali- 
metals  (although  these  are  volatile  at  moderate  temperatures), 
have  remained  to  the  present  time  undetermined.  It  was  with  the 
view  of  adding  something  to  our  knowledge  in  this  department,  that 
we  recently  undertook  some  experiments  Avith  potassium,  the  results 
of  which  we  now  beg  leave  to  lay  before  the  Society.  The  special 
difficulties  we  had  to  overcome  are  involved  in  the  endeavour  to 
answer  the  following  questions  : — 

1.  Is  it  possible  to  convert  potassium  into  a  gas  of  one  atmo- 
sphere's pressure  at  any  of  the  constant  temperatures  we  can  at  pre- 
sent command  ? 

2.  Is  it  possible  to  generate  |)«tre  potassium- vapour  and  to  keep 
it  from  getting  oxidized  ? 

'.i.  Supposing  a  definite  volume  of  such  vapour  to  have  been  pro- 
cured, how  can  its  ii'eiijht  be  ascertained  ? 

After  a  succ<^ssion  oF  faihm^s,  which  we  shall  not  detail,  we  at 
last  Hucc(!cd('d  in  d(;vising  a  workable  process,  which  may  be  briefly 
described  as  follows  : — 

A  cyUndrical  iron  bottl«;  of  at  least  200  cub.  centiras.  capacity, 
of  a  thickness  in  the  body  ensuring  sufruient  rigidity  at  even  a 
bright  red  heat,  and  provided  vvifh  a  w(^ll-ground  inbent  neck, 
pi(;rced  with  a  canal  of  about  2  millinis.  diameter,  is  employed  as 
a  generator  and  n^ccptacle  of  the  vapour. 

A  mass  of  about  20  kilogrs.  of  zinc  contained  in  a  plumbago 
crncibli!,  wtiirh  being  i>Iac(ul  in  a  forgii-fin^  can  l)e  readily  heated 
up  1o  the  boiling-point,  serves^as  a  balli. 

The  experiiiieni  begiiiH  by 'first  deoxidizing  the  inside  of  the 
rece|)taele  at  a  red  heat  by  means  of  a  current  of  dry  hydrogen, 
whi<-h  iscontiiniously  niainlained  luifil  Ihe  bollle  has  cooled  down 
l)elo\v  redness.  Alfhis  stagf^  about  2(»()  gnus,  o!  ])ure  mercury 
are  introduced  info  (he  Ixdfle,  which  is  then  inserted  info  llu'  red- 
hot  zinc,  without,  howmer,  covering  flic;   upper  exlrcniity  of  the 
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bottle.  After  |  of  the  mercury  is  distilled  off  (which  is  accom- 
plished iu  a  very  shoi't  time ),  the  ueck  is  withdrawTi ;  aud  while  the 
merciiry-vapours  are  still  streaming  out,  au  irou  test-tube,  previously 
prepared  with  great  care  aud  charged  with  -J— 5  grms.  of  potassium, 
is  dropped  into  the  bottle,  the  neck  reinserted,  and,  after  the  ivhole 
of  the  bottle  has  been  immersed  iu  the  zinc,  the  blast  of  the  forge 
is  forcibly  increased  so  as,  iu  the  shortest  possible  time,  to  bring 
the  zinc  into  the  state  of  boiling,  proper  arrangements  being  made 
for  keeping  the  neck  of  the  bottle  red-hot.  The  potassium  in  a 
short  time  begins  to  volatilize,  issuing  in  jets  into  the  air  and 
depositing  caustic  potash  at  the  nozzle,  which  must  be  kept  clear 
by  means  of  an  iron  uire.  As  soon  as  the  distillation  of  the  potas- 
sium ceases,  the  nozzle  is  closed  by  means  of  a  ground-in  wire 
plug,  at  once  immersed  into  a  mass  of  mercury  contained  in  a 
test-tube,  and  the  bottle  withdrawn  to  a  proper  support,  on  which 
it  is  allowed  to  cool. 

After  it  has  reached  a  manageable  temperature,  the  bottle  is 
inserted  into  a  mass  of  recently  boiled  water,  the  wire  plug  ^vith- 
drawn,  and  the  hydrogen  formed  by  the  action  of  the  water  on  the 
potassium  pumped  out,  by  means  of  a  "  Sprengel,"'  into  a  eudiometer, 
to  be  measured. 

In  the  experiments  we  have  hitherto  carried  out,  we  have  satisfied 
ourselves  that  the  amount  of  mercury-vapour  not  swept  out  by  the 
potassium  is  quite  inappreciable ;  and  as  our  object  has  been  iu  the 
mean  time  to  merely  arrive  at  approximate  results  and  to  perfect 
our  methods  of  manipulation,  we  have  neglected  the  minute  cor- 
rection which,  on  account  of  that  small  remnant  of  mercury,  ought, 
strictly  speaking,  to  have  been  applied  to  the  volume  of  the  vapour 
as  calculated  from  the  capacity  of  the  bottle  in  the  cold,  the  coeffi- 
cient of  expansion  of  iron,  and  the  temperature  (1040°  Deville)  at 
which  the  vapour  was  measured. 

The  residts  of  our  observations  conclusively  show  that  the  density 
of  potassium-vapour,  as  produced  in  the  process  described,  cannot 
exceed  45  times  that  of  hydrogen,  and  that  therefore  the  molecule 
of  potassium  consists  of  two  atoms  (K^). 

We  intend  to  prosecute  our  research  in  other  directions,  propo- 
sing to  ascertain,  if  possible,  the  densities  of  the  iodides  of  caesium, 
rubidium,  and  potassium,  these  being,  according  to  Bunsen's  experi- 
ments, the  most  volatile  of  the  haloids  of  the  alkali-metals. 

March  13. — William  Spottiswoode,  M.A.,  Treasurer  and  Vice- 
President,  in  the  Chair, 

The  following  communication  was  read: — 

"  Note  on  Supersaturated  Saline  Solutions,"  By  Giarles 
Tomlinson,  F.K.S. 

In  the  year  18G6,  M,  Gernez  and  M.  VioUette  published  each  a 
memoir  on  supersaturated  saline  solutions*,  iu  which  tlie  same 

*  Annales  Scieiitifiques  do  I'Ecoie  Normiile  Supericuro,  tome  3*,  Aiin^e 
1866,  pp.  167  and  205.  I  am  indebted  for  this  reference  to  the  courtesy  of 
M.  I'Abbd  Moigno. 

I'hiL  May.  S.  4.  Vol.  45.  No.  301.  May  1873.  2  C 
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conclusions  are  arrived  at,  namely  : — (1)  that  the  only  nucleus 
capable  of  suddenly  crystallizing  any  one  of  such  solutions  is  a  salt 
of  the  same  kind  as  that  dissolved ;  and  (2)  that  all  bodies,  solid, 
liquid,  or  aeriform,  which  apparently  act  as  nuclei,  are  reaUy  con- 
taminated with  a  hydrate  of  the  salt  that  forms  the  supersaturated 
solution. 

I  cannot  refrain  from  expressing  my  admiration  at  the  unwearied 
skill  and  patience  with  which  these  two  memoirs  were  prepared. 
The  experiments  were  repeated  by  hundreds,  and  under  a  large 
variety  of  circumstances,  so  that  it  seems  scarcely  possible  to 
entertain  any  doubt  as  to  the  vaHdity  of  the  conclusions  arrived  at. 
I  had  not  seen  these  memoirs  until  long  after  the  pubhcation  of  my 
second  paper  on  this  subject  * ;  or  I  should  have  hesitated  in  offering 
it  to  the  Eoyal  Society  without  special  reference  to  them.  What 
I  did  see  was  a  very  brief  abstract  of  M.  Gemez's  memoir  in  the 
'  Comptes  Eendus ; '  and  to  this  I  refer  in  my  first  paper  t,  quoting 
the  experiments  and  the  decisive  objections  of  M.  Jeannel  in  oppo- 
sition to  M.  Gemez's  conclusions. 

The  experiments  of  Mr.  Liversidge  %  are  identical  in  principle  with 
those  of  M.  Viollette,  and  some  of  them  mere  variations,  such  as  the 
proof  that  bodies  greedy  of  water  and  capable  of  being  hydrated  do 
not  produce  crystaUization  ;  only  M.  Viollette  made  use  of  calcined 
sulphate  of  copper  instead  of  calcic  chloride  &c.§  Moreover  no 
fresh  proofs  are  wanted  as  to  the  non-nuclear  action  of  the  modified 
salt  or  of  the  anhydrous  salt  on  supersaturated  solutions  of  Glauber's 
salt. 

Eecently  MIVI.  Gemezjl  and  Viollette  If  have  each,  on  the  occasion 
of  the  publication  of  my  third  paper  (namely,  that  written  in  con- 
junction with  M.  Van  der  Mensbrugghe**),  called  in' question  the 
integrity  of  my  experiments,  M.  Gemez  insisting  that  the  oils  and 
other  liquids  employed  by  me  contain  salts  of  the  same  kind  as 
those  of  the  solutions  they  apparently  acted  on. 

Such  an  assertion  as  this  seems  to  me  to  be  very  difficult  of 
proof  ;  and  it  seems  equally  bold  to  assume  that  the  air  of  an 
open  garden  in  the  country  contains  salts  of  various  kinds,  watching 
their  opportunity  to  get  into  my  flasks  and  vitiate  the  results  of 
my  experiments. 

1  desire  to  invito  special  attention  to  a  statement  made  in  my 
second  paper — the  more  so  because,  without  desiring  for  a  moment 
to  call  in  question  the  negative  results  obtained  by  MM.  Gemez 

•  Phil.  Trans.  1871,  p.  r)l. 

t  Diil.  Trans.  18(18,  j).  (KIO.  Tlio  reference  to  M.  Jeannel  is  in  the  abstract 
of  this  paper  contained  in  the  '  Proceedings  of  the  Royal  Society,'  May  28, 18(38, 
p.  405. 

X  Proceedings  of  the  Royal  Society,  vol.  xi.  p.  497. 

fi  On  the  Burl'acc-tension  theory,  it  is  not  inaccurHt^'  to  wiy  tliat  absoluto  alcoliol 
robs  the  solution  of  water,  and  ho  detorniiiUH  crystalli/.ntion,  since  tin  mixture 
of  alcohol  and  water  degradfs  the  tension  of  the  solution. 

I)   Comptes  K<Tidiis,  vol.  l.xxv.  p.  170.').  •[   V>id.  vol.  lixvi.  p.  171. 

**  Proceedings  of  the  Royal  Society,  vol.  xi.  j).  312, 
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and  Viollette,  namely  that  pure  oils  &c.,  as  used  by  them,  whether 
in  the  form  of  films  or  globules,  do  not  cause  the  solutions  to  crys- 
tallize, the  method  indicated  opens  a  new  process  for  ascertaining 
whether  there  is  really  any  other  nucleus  except  a  salt  of  the  same 
kind.     The  statement  referred  to  is  as  follows  : — 

"  A  solution  of  two  parts  of  Glauber's  salt  to  one  part  of  water 
was  boiled  and  filtered  into  three  flasks,  which  were  covered  with 
watch-glasses  and  left  until  the  next  day.  A  drop  of  castor-oil  was 
then  placed  upon  the  surface  of  each  :  it  formed  a  lens  which 
gradually  flattened  ;  but  there  was  no  separation  of  salt,  even  when 
the  flasks  were  shaken  so  as  to  break  up  the  oil  iato  small  globules. 
....  If,  while  the  flask  is  being  turned  round,  a  sudden  jerk  be 
given  to  it,  so  as  to  flatten  some  of  the  globules  against  the  side 
into  films,  the  whole  solution  instantly  becomes  solid"*. 

I  desire  on  the  present  occasion  to  describe  a  number  of  experi- 
ments in  which  this  process  has  been  observed.  But  anticipating 
the  objection  that  the  various  oils  that  have  been  long  on  my  shelves, 
and  already  used  in  former  experiments,  may  really  contain  various 
kinds  of  saline  nuclei,  I  procured  from  a  wholesale  house  a  number 
of  fresh  specimens  of  oil.  These  were  the  oils  of  lavender,  bergamot, 
cajuput,  sesame,  rape,  almonds,  olive,  and  sperm.  I  did  not  allow 
these  oils  once  to  enter  my  laboratory,  but  kept  them  in  my  library, 
and  never  opened  the  phials  except  in  the  open  air. 

The  flasks  and  droppiag-tubes  were  washed  in  strong  sulphuric 
acid,  and  rinsed  in  tap-water,  the  tubes  being  kept  immersed  in 
clean  water  in  the  open  air.  The  solutions  were  filtered  into  the 
flasks  ;  and  these,  being  covered  "with  small  beakers,  were  reboiled 
until  steam  issued  from  the  orifice. 

The  flasks  were  then  taken  into  my  garden,  and  when  cold  an  oil 
was  dropped  upon  the  surface  of  each  solution.  If  the  oU  formed 
a  well-shaped  lens,  there  was  no  separation  of  salt ;  and  in  many 
cases,  instead  of  restoring  the  small  beaker  to  its  place,  a  well-fitting 
cork  was  driven  into  the  neck,  and  the  flasks  were  thus  left  for  a 
time,  on  some  occasions  extending  to  the  next  day. 

In  order  to  avoid  the  objection  that  during  the  shaking  crystal- 
lization might  be  produced  by  some  of  the  solution  splasliing  against 
the  cork,  many  of  these  experiments  were  repeated  in  a  pear-shaped 
flask,  nearly  12  inches  in  height,  and  containing  about  2  or  3  ounces 
of  the  solution.  Most  of  the  experiments  were  tried  in  globular 
flasks  of  o  ounces  capacity,  with  straight_cylindrical  necks  4  inches 
high. 

Experiment  1.  Sodic  sulphate — 1  salt,  1  water.  Solution  in  tall 
flask  covered  with  a  small  beaker.  Next  day  oil  of  sweet  almonds 
was  dropped  into  it,  and  the  flask  corked.  After  about  an  hour  a 
circular  motion  was  given  to  the  flask,  so  as  to  disperse  the  oil  into 
minute  globules  through  the  solution,  giving  it  the  appearance  of  an 
emulsion.  The  flask  was  left  at  rest  during  about  au  hour,  then 
suddenly  shaken,  so  as  to  rattle  the  solution  against  the  side,  when 
all  at  once,  as  if  with  a  flash,  it  became  solid. 
»  Phil.  Trans.  1871,  p.  55. 

2C2 
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Now  in  this  case  it  may  be  objected  that  a  crystal  of  the  sodic 
sulphate  hydrate  was  derived  from  one  of  the  follo^^ing  sources  : — 
(1)  from  the  air,  (2)  from  the  oil,  (3)  from  the  cork,  or  (4)  from 
the  side  of  the  flask.  (1)  It  could  not  be  deriAed  from  the  air, 
either  of  the  laboratory  or  of  the  garden,  because  the  solution 
remained  liquid  long  after  the  flask  had  been  corked.  (2)  It  could 
not  have  been  derived  from  the  oil,  because  this  was  dispersed 
through  the  solution  in  m^Tiads  of  globules,  ■without  any  nuclear 
action,  and  the  flask  was  left  to  repose  for  an  hour  after  the  oil  had 
been  so  dispersed.  (3)  Nor  could  any  nucleus  have  been  derived 
from  the  cork,  because  the  solution  never  touched  it.  Nor  could 
a  nunute  speck  of  the  sodic  sulphate  hydrate  have  fallen  from  the 
cork ;  for  the  latter  had  been  put  into  hot  water,  out  of  which  it  was 
taken  the  moment  it  was  put  nito  the  flask.  It  could  not  have  been 
derived  from  any  of  the  hot  water  from  the  cork  streaming  down 
the  side  of  the  flask  to  the  solution,  because  sodic  sulphate  in 
solution  is  in  the  non-nuclear  anhydrous  state,  and  also  because 
two  hours  had  elapsed  between  the  corking  of  the  flask  and  the 
solidiflcation  of  the  solution.  (4)  A  crystal  could  not  have  been 
derived  from  the  walls  of  the  flask,  because  the  solution  had  been 
brisldy  boiled  in  it,  so  that  steam  escaped  Mith  considerable  force 
from  the  neck  after  the  small  beaker  had  been  put  on.  Hence 
I  am  compelled  to  fall  back  on  my  former  statement  * — namely, 
that  the  oU  acted  as  a  nucleus  by  the  flatteniug  of  one  or  more  of 
the  globules  against  the  wall  of  the  flask  into  the  form  of  fllm. 

A  globular  flask,  containing  the  same  solution  and  the  same  oil, 
was  corked,  and  the  oil  dispersed  in  globules.  It  \\as  left  some 
hours,  with  occasional  shaking,  so  as  to  rattle  the  solution  against 
the  side.  The  rattling  motion  was  purposely  less  energetic  than 
in  the  former  case,  to  avoid  splashing  against  the  cork.  This 
solution  crystallized  after  it  had  been  left  a  short  time  at  rest ;  and 
it  did  so  in  large  flat  crystals,  described  in  my  second  paper,  very 
different  from  the  minute  radial  action  noticed  when  crystaUization 
sets  in  from  a  point  t. 

A  similar  fhisk,  containing  the  same  solution,  was  treated  with 
oil  of  bcrgamot,  a  drop  of  which  was  allowed  to  trickle  down  the 
side  of  the  flask.  As  soon  as  the  oil  touched  the  solution,  crystal- 
lization s(!t  in,  the  radian t-poiut  coinciding  with  such  point  of 
contact,  and  the  whole  surface  was  covered  with  line  lines  diverging 
from  this  point  alone. 

In  another  case  a  drop  of  the  oil  of  rosemary  was  deposited  on 
the  centre  of  X\w  solution.  On  shaking  the  flask,  the  solution 
assumed  the  solid  stalci. 

'I\\()  flasks,  containing  the  same  solution,  crystallized  under  the 
inflncnci^  of  oil  of  lavender. 

Five  flasks,  with  the  same  solution,  crystallized  under  flic  acfion 
of  8p(;rm-oil. 

Experiment  2.   Sodic  sulphate — 2  salt,  1   wafer.      In  tliree  Husks 

»  Phil.  Trans.  1871,  p.  ii'2  cl  acq.  t  ///«/.  p.  51. 
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the  solution  crvstalli/ed  on  Ihe  afldition  of  olive-oil,  the  first  imme- 
diately, and  the  other  two  after  being  shakeji. 

E.vperiment  3.  Sodic  sulphate — 8  salt,  1  water.  This  solution 
crystallized  under  the  action  of  the  oils  of  bergamot,  almonds,  colza, 
rape,  and  sesame. 

Experiment  4.  Sodic  sulphate — 3  salt,  H  water,  in  six  flasks, 
all  of  which  crystallized  under  the  action  of  sesame  oil. 

Expej-invnt  5.  Potash-alum  —  8  salt,  3  water.  The  solution 
crystallized  suddenly,  as  A^-ith  a  flash,  on  being  shaken  up  with 
oil  of  olives.  This  is  the  more  remarkable,  as  the  usual  action  of 
a  nucleus  is  to  produce  a  solitary  octahedron,  which  grows  rapidly 
until  the  solution  becomes  solid.  This  last  effect  was  produced  by 
a  less  Wolent  shaking  of  the  solution  in  contact  \^T.th  oil  of  lavender. 

Experimpnt  6.  Ammonia-alum — 8  salt,  7  water.  On  shaking 
the  solution  \vith  olive-oil  it  suddenly  became  solid,  and  of  an  opaque 
chalky  white. 

This  selection  from  a  large  number  of  experiments  may  be  suffi- 
cient to  answer  my  present  purpose — namely,  to  show  that  some 
supersaturated  saline  solutions  really  do  crystallize  under  the  action 
of  other  nuclei  than  a  salt  of  the  same  kind  as  that  of  the  solution 
operated  on. 

My  experiments  were  performed  in  the  open  air,  at  temperatures 
between  30°  and  50°  F.  At  comparatively  low  temperatures  the 
shaking  of  the  flask  containing  the  solution  sometimes  produced  a 
copious  liberation  of  anhydrous  salt,  which  rapidly  combines  with 
water  and  forms  the  7-atom  hydrate  * ;  but  on  allowing  the  flask 
to  rest  for  some  time,  it  generally  happens  that  the  solution  becomes 
solid,  and  the  7-atom  salt  opaque  white. 

I  may  perhaps  be  allowed  to  state  that  my  experiments,  con- 
ducted as  they  were  in  the  open  air,  were  delayed  by  the  rainy 
weather  of  last  year.  There  is,  however,  this  advantage  in  wet 
weather,  that  the  saline  particles  said  to  exist  in  the  air  are  washed 
down  and  brought  into  solution,  in  \\liich  condition  they  are  not 
nuclear,  as  I  have  already  shown  in  the  case  of  sodic  sulphate,  alum, 

*  Tlio  view  adopted  by  me  that  the  supersaturated  sohition  of  sodic  sulphate 
contains  the  anhydrous  salt  in  solution,  and  that  this  is  first  thrown  down  on 
lowering  tlie  temperature,  agitating,  &c.,  has  been  objected  to,  on  the  ground 
that,  according  to  Lowel,  it  is  the  7-atom  hydrate  that  is  really  in  solution  and 
is  deposited  on  cooling.  Tliere  are  numerous  proofs  that  it  is  tlie  anhydrous 
salt  which  is  really  in  solution  ;  these  I  have  collected  in  two  jiapers,  contained 
in  the  'Chemical  News'  of  Jh-d  and  lOth  December  IStJ'.K  That  the  7-atom 
hydrate  is  built  u))  on  the  anhydrous  salt  may,  I  think,  be  shown  by  an  expe- 
riment. Two  flasks  contjiining  a  solidified  solution  of  sodic  sulphate  of  tlic  .same 
strength  are  heated  over  a  spirit-lamp;  one  of  the  flasks  is  constantly  turned 
round  on  the  ring  of  the  retort-stand  until  tlie  whole  of  the  salt  has  entered 
into  .solution  ;  it  is  then  boiled,  closed,  and  set  aside.  The  other  flask,  during 
the  heating,  is  allowed  to  remain  at  rest  over  tlie  ilame  for  a  sliort  time,  so 
as  to  liberate  a  portion  of  the  anhydrous  salt.  This  flask  is  also  boiled,  although 
the  operation  is  interruptctl  by  violent  bumjiings.  It  is  closed  and  placed  by 
the  side  of  the  other  flask,  under  tlie  same  condition.^.  When  both  flasks  are 
cooled  down  to  the  temperature  of  the  air  (say  about  r)0°),  tlie  flask  containing 
the  anhydrous  s:vlt  will  contain  a  crop  of  the  7-atom  hydrate,  built  upon  the 
anhydrous  deposit.     The  other  liaskwill  have  no  crystalline  deposit  at  all. 
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and  one  or  two  other  salts*.  On  the  other  hand,  fine  weather  has 
its  advantages ;  not  only  are  the  surfaces  of  the  solutions  more 
active  and  the  evaporative  force  stronger,  but  hydrated  salts,  said 
to  exist  in  the  air,  part  v\-ith  their  water  of  crystallization  so  readily 
as  to  reduce  them  to  the  non-nuclear  condition.  This  is  especially 
the  case  with  sodic  sulphate.  I  have  already  shown  that  super- 
satm-ated  solutions  of  this  salt  may  be  exposed  to  the  air,  both  in 
fine  and  wet  weather,  for  a  long  time  without  crystallizing  t,  as 
well  as  the  fact  just  noticed  J,  that  a  solution  of  a  salt  does  not 
Bet  as  a  nucleus  to  its  supersaturated  solution.  Moreover,  if  sodic 
Bulphate  exist  in  the  dusty  air  of  a  room,  it  cannot  retain  the  hydrated 
form  during  many  minutes,  but  must  rapidly  pass  into  the  anhy- 
drous, in  which  it  is  no  longer  a  nucleus. 

Seeing,  then,  that  iu  the  case  of  sodic  sulphate,  which  is  said 
to  be  always  present  in  the  air  of  rooms,  and,  according  to  MM. 
Gremez  and  VioUette,  even  in  that  of  the  country,  the  chances  are 
that  it  is  most  likely  to  be  present  either  in  the  effloresced  condition 
or  in  solution,  and  equally  non-nuclear  ia  both,  I  cannot  help 
hinking  that  too  much  importance  has  been  given  to  this  part  of 
the  subject ;  for  if  it  be  true,  we  are  reduced  to  the  dilemma, 
pointed  out  by  M.  Jeannel  §,  that  there  must  be  floating  in  the  air 
specimens  of  all  kinds  of  salts  that  form  supersaturated  solutions 
and  crystallize  by  the  introduction  of  a  soUd  nucleus,  whereas 
there  are  some  such  salts  which  cannot  exist  in  the  presence  of  the 
oxygen  or  of  the  ammonia  of  the  air. 

March  27. — Sir  George  Biddell  Airy,  K.C.B.,  President,  in  the 

QiaLr. 

The  Bakerian  Lectm-e. — "  On  the  Eadiation  of  Heat  from  the 
Moon,  the  Law  of  its  Absorption  by  our  Atmosphere,  and  its  va- 
riation in  amount  with  her  Phases."  By  the  Earl  of  Eosse,  D.C.L., 
F.E.S.,  &c. 

In  this  paper  is  given  an  account  of  a  series  of  observations  made 
in  the  Observatory  of  Birr  Castle,  in  further  prosecution  of  a 
shorter  and  less  carefully  conducted  iuvestigation,  as  regards 
many  details,  which  forms  the  subject  of  two  former  communica- 
tions ';  to  the  Eoyal  Society. 

The  observations  were  first  corrected  for  change  of  the  moon's 
distance  from  the  place  of  observation  and  change  of  phase  during 
the  continuance  of  each  night's  work ;  and  thus  a  curve,  whose 
ordinates  represented  the  scale-readings  (correi-ted)  and  whose 
abscissjB  represented  the  corresponding  altitudes,  was  obtained  for 
each  night's  work.  By  combining  all  these,  a  single  curve  and  table 
for  reducing  all  the  observations  to  the  same  zenith-distance  was 
obtained,  wliich  proved   to  be  nearly,  but  not  quite,  the  same  as 

»  Chemical  NewB,  February  4,  1870,  p.  52. 

t  Proceedings  of  tlio  Royal  Society,  1871,  p.  41. 

X  Chemical  News,  Pebrimry  4,  1870,  p.  o2. 

I  Ann.  de  Ch.  et  <lo  Ph.  4th  ser.  vol.  vi.  p.  106. 

\  Proceedings  of  the  lloyal  Society,  vol.  xrii.  p.  43C,  vol.  xix.  p.  9. 
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that  found  by  Professor  Seidel  for  the  light  of  the  stars.  By 
employing  the  table  thus  deduced,  and  also  reducing  the  heat- 
determinations  obtained  on  the  various  nights  for  change  of  dis- 
tance or  the  sun,  a  more  accurate  phase-curve  was  deduced, 
indicating  a  more  rapid  increase  of  the  radiant  heat  on  approaching 
full  moon  than  was  given  by  the  formula  preWously  employed,  but 
still  not  so  much  as  Professor  Zollners  gives  for  the  moon's  light. 

By  employing  Laplace's  formula  for  the  extinction  of  light  iu 
our  atmosphere,  the  heat-effect  in  terms  of  the  scale-readings  was 
deduced,  and  an  approximation  to  the  height  of  the  atmosphere 
attempted. 

From  a  series  of  simultaneous  measurements  of  the  moon's  heat 
and  light  at  intervals  diu-ing  the  partial  eclipse  of  Noveiuber  14, 
1872,  when  clouds  did  not  interfere,  it  was  found  that  the  heat 
and  Ught  diminish  nearly  if  not  quite  proportionally,  the  minimum 
for  both  occurring  at  or  Aery  near  the  middle  of  the  eclipse,  when 
they  were  reduced  to  about  half  what  they  M^ere  before  and  after 
contact  with  the  penumbra. 


GEOLOGICAL  SOCIETY. 
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November  20,  1872.— Prof.  P.  Martin  Duncan,  F.R.S.,  Y.P., 
in  the  Chair. 

The  following  communications  were  read : — 

1.  "  On  the  Geology  of  the  Thunder-Bay  and  Shabendowan 
Mining  Districts  on  the  North  Shore  of  Lake  Superior."  By  H. 
Alleyne  Nicholson,  M.D.,  F.G.S.,  «S:c. 

The  author  described  the  general  characters  of  Thunder  Bay, 
which  is  almost  landlocked  on  the  south-east  by  the  bold  promontory 
of  Thunder  Cape  and  a  series  of  islands  which  form  a  continuation 
of  this.  The  rocks  immediately  surrounding  Thunder  Bay  belong 
to  the  "  Lower  and  Upper  Copper-bearing  series "  of  Canadian 
geologists.  The  latter,  consisting  of  sandstones,  shales,  limestones, 
marls,  and  conglomerates,  chiefly  of  a  red  or  reddish  colour,  with 
interstratified  traps,  is  regarded  by  the  author  as  probably  of  Lower- 
Silurian  age,  in  accordance  Avith  the  opinion  of  Sir  "\Vm.  Logan. 
The  "  Lower  Copper-bearing  series  "  is  also  very  varied  in  character ; 
it  is  traversed  by  trap  dykes,  and  contains  several  well-marked 
interstratified  traps.  It  is  penetrated  by  two  sets  of  mineral  veins, 
containing  great  abundance  of  silver.  The  majority  of  these  run 
along  the  strike  of  the  beds  in  a  general  E.N.E.  and  W.S.W.  direc- 
tion ;  the  remainder  are  transverse,  running  nearly  N.  and  S.  Of 
the  latter  the  most  important  is  the  "  Silver-islet  vein,''  which  is 
3  or  4  feet  in  width,  and  consists  of  quartz  with  native  silver  and 
galena  ;  picked  specimens  of  the  stuff  have  assayed  from  <£1000  to 
£2000  per  ton.  This  vein  h<is  been  worked  for  about  two  years, 
and  has  proved  remarkably  productive.  Of  the  former  series  the 
most  important  is  the  "  Shuniah  vein,"  which  runs  along  at  a  dis- 
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tance  of  1|  to  2  miles  from  the  north  shore  of  Thunder  Bay, 
the  mines  in  which,  although  quite  in  their  infancy,  promise 
excellent  results.  Its  wid  this  22  feet ;  and  the  vein-stuff  consists 
mainly  of  calc-spar.  The  silver  is  present  in  the  native  form  and  as 
sulphide.  The  vein  traverses  hard  black  shales,  but  does  not  run 
exactly  along  the  strike  of  the  beds ;  it  may  be  traced  for  several 
miles  towards  the  east. 

The  country  between  Thunder  Bay  and  Lake  Shabendowan,  along 
the  "  Dawson  Road,"  is  of  an  undulating  character  ;  and  the  "surface 
of  its  fundamental  rocks  everywhere  exhibits  unmistakable  evidences 
of  glaciation.  the  general  direction  of  the  striae  being  N.  and  S.,  but 
with  the  occasional  occurrence  of  a  minor  set  of  grooves  running 
nearly  E.  and  W.  The  greater  part  of  the  country  is  thickly 
covered  with  drift,  composed  of  rocks  which  appear  to  have  travelled 
from  north  to  south. 

The  rocks  passed  over  between  Thunder  Bay  and  Lake  Shabendowan 
are  described  by  the  author  as,  1,  the  shales  and  traps  of  the 
"  Lower  Copper-bearing  series  ;  "  2,  a  range  of  syenitic  and  gneissic 
rocks,  probably  of  Laurentian  age  ;  3,  a  great  series  of  rocks  belong- 
ing to  the  Huronian  group,  consisting  of  greenish  or  grey  slates,  with 
bands  of  gneiss  and  trap  dykes,  and  bedded  green  traps  with  great 
masses  of  greenish,  grey,  or  drab-coloured  slates,  the  whole  presenting 
a  close  resemblance  to  the  green  slates  and  porphyries  of  the  English 
Lake  district.  The  slates,  in  the  author's  opinion,  are  bedded  fel- 
spathic  ashes. 

The  author  described  the  general  characters  of  Lake  Shabendowan, 
and  stated  that  from  the  foot  of  the  Lake  for  about  15  mUcs  westward 
there  is  a  succession  of  trappean  rocks,  beyond  which,  to  the  head  of 
the  lake,  distant  13  miles,  the  country  is  occupied  by  Huronian  slates 
like  those  between  the  lake  and  Thunder  Bay.  These  slates  extend 
for  an  unknown  distance  north-west  of  the  head  of  the  lake,  and  con- 
tain numerous  veins,  having  an  E.N.E.  and  W.S.W.  direction,  con- 
formable with  the  strike  of  the  beds;  and  some  of  them  are  auriforoiis. 
The  vein-stuff  is  quartz  containing  copper  pyrites  ;  the  gold  is  con- 
tained in  the  coi)i)er  pj-rites,  or  disseminated  in  very  minute  grains 
through  the  quartz.  Several  of  these  veins  are  being  Avorked  ;  and 
their  peculiarities  were  noticed  by  the  author. 

2.  "  Note  on  the  Relations  of  the  supposed  Carboniferous  I'lants 
of  Bear  Lslaiid  with  the  I'ala^ozoic  Flora  of  North  America.''  By 
J.  \V.  DawHon,  LL.D.,  E.R.S.,  F.tJ.S. 

'J'he  author  referred  to  J)r.  Heer's  paper  on  the  Carl)oniferous 
Flora  of  Jiear  Island  (see  Q.  J.  (i.  S.  vol.  xxviii.  p.  101 ),  and  slated 
tliat  \\\v  plants  cited  by  ])r.  Heer  as  characteristic  of  his  "Ursa 
stage,"  are  in  ])iirt  representatives  of  the  American  flora  belonging 
to  what  the  autlior  has  called  the  "  I^ower  Carboniferous  Coal- 
measures  "  (Subcarbonifcrous  of  Dana).  He  considered  that  the 
])rcsi'iic"  of  Devonian  f(jrnis  was  due  either  to  the  mixture  of  fossils 
from  two  distinct  l)ut  (runtigiiouH  beds,  or  to  tlie  fact  that  in  these 
high  northern  latitudes  there  was  an  actual  intermixture  of  the  two 
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floras.  He  dissented  altogether  from  Dr.  Heer's  identification  of 
these  plants  with  those  of  the  Chemung  group,  or  with  those  of  the 
Middle  Devonian  of  New  Brunswick. 

3.  "  Further  Notes  on  Eocene  Crustacea  from  Portsmouth."  By 
Henry  Woodward,  Esq.,  F.G.S. 

In  this  paper,  after  referring  to  his  former  communication  on 
Crustacea  from  the  Lower  Eocene  deposits  at  Portsmouth  (Q.  J.  G.  S. 
vol.  xxviii.  p.  90),  the  author  gave  a  full  description  of  lihachio- 
soma  bisptnosa,  one  of  the  new  species  described  in  it,  the  materials 
being  furnished  by  several  fresh  specimens,  which  show  the  whole 
structure  of  the  animal.  The  new  points  include  the  description  of 
the  limbs,  the  anterior  border  of  the  carapace,  the  lower  sui'face  of 
the  body  in  both  sexes,  and  the  maxillipeds. 

The  author  also  characterized,  under  the  name  of  Litoricola,  a 
new  genus  of  Shore- crabs  aUied  to  Grapsus,  from  the  same  de- 
posits. Of  this  genus  he  described  two  new  species.  L.  ylahra  and 
L.  dentata. 

4.  "  On  a  new  Trilobite  from  the  Cape  of  Good  Hope."  By 
Henry  Woodward,  Esq.,  F.G.S. 

The  Trilobite  described  in  this  paper  is  from  the  Cock's-comb 
Mountains  at  the  Cape  of  Good  Hope,  and  was  preserved  in  a  no- 
dule, the  impression  retained  in  which,  when  broken,  furnished  the 
most  instractive  details  as  to  its  structure.  Each  of  the  eleven  tho- 
racic segments  was  furnished  with  a  long  median  dorsal  spine, 
giving  to  the  profile  of  the  animal  a  crested  appearance ;  on  each 
side  of  this  the  axis  of  the  segment  bears  two  or  three  tubercles,  and 
the  ridge  of  the  pleura  four  or  five  tubercles.  The  tail  is  terminated 
by  a  spine  more  than  half  an  inch  in  length  ;  and  all  the  spines  are 
annulated.  For  this  Trilobite  the  author  proposed  the  name  of 
Encrinurxis  crista-gaUi,  although  with  some  doubt  as  to  the  genus, 
the  head  being  only  imperfectly  preserved. 

5.  "On  an  extensive  Landslip  at  Glenorchy,  Tasmania."  By 
S.  H.  Wintle,  Esq. 

In  this  paper  the  author  described  the  effects  of  an  extensive 
landslip  from  the  northern  face  of  Mount  Wellington,  in  Glenorchy, 
about  5  miles  from  Hobart  Town.  It  took  place  during  the  night 
of  the  4th  June,  lb72,  after  a  rainfall  of  4^  inches  in  twenty-four 
hours.  The  debris  descended  nearly  2U00  feet,  into  the  bed  of  the 
rivulet  of  Glenorchy.  By  the  force  of  the  accompanying  torrent 
great  quantities  of  huge  trees,  some  of  them  200  feet  long,  were  piled 
up  in  vast  hea])S,  mixed  with  boulders,  agricultural  implements, 
fences,  and  other  objects.  The  trees  were  deprived  of  bark,  branches, 
and  roots.  The  Carboniferous  limestone  forming  the  bed  of  the 
rivulet  Avas  exposed  by  the  washing  of  the  torrent  for  more  than 
two  miles ;  natural  sections  showed  the  blue  shelly  limestone  alter- 
nating with  beds  of  mudstone  and  shales.  At  one  part  the  author 
found  both  banks  of  the  rivulet  lined  with  small,  sharply  angular 
fragments  oi  dioritic  greenstone  from  the  summit  of  the  mountain  ; 
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large  blocks  of  the  same  rock  also  occm-red.  The  author  described 
the  beds  displayed  in  a  section  close  to  the  base  of  the  great  land- 
slip, above  which  is  a  smooth  surface  of  greenstone,  covered 
with  prostrate  trees  and  immense  blocks  of  greenstone  half  buried 
in  yellow  clay  and  sludge.  The  whole  neighbourhood  was  described 
by  the  author  as  presenting  evidences  of  former  landslips.  The 
author  further  described  the  appearances  presented  by  the  upper 
winding  part  of  the  gully  traversed  by  the  torrent,  and,  in  con- 
clusion, noticed  certain  results  of  similar  phenomena  as  displayed  in 
the  same  district.  The  paper  was  illustrated  by  three  stereoscopic 
views. 


LI.  Intelligence  and  Miscellaneous  Articles. 

A  NEW  DETERMINATION  OF  THE  VELOCITY  OF  LIGHT. 
BY  M.  A.  COKNU. 

HAVE  the  honour  to  present  to  the  Academy  the  definitive  re- 
sult of  my  researches  relative  to  the  determination  of  the  velocity 
of  Kght,  undertaken  three  years  since.  In  a  preceding  communica- 
tion I  have  succinctly  described  the  method  of  observation,  which,  in 
principle,  is  that  of  the  toothed  wheel,  due,  as  well  as  the  improve- 
ments which  have  been  made  in  it,  to  M.  Fizeau.  Of  the  latter  I 
■nill  mention  the  electrical  registry  of  the  velocity  of  the  mechanism 
— which  it  is  necessary  to  ascertain  at  each  instant  in  absolute 
value,  because  it  is  ^^'ith  it  that  the  velocity  of  light  is  directly  com- 
pared. By  the  regularity  and  concordance  of  the  results  of  my  first 
essays  I  was  led  to  hope  that,  by  repeating  the  experiment  between 
two  new  stations  at  foixr  times  the  distance  from  each  other,  I 
should  be  able  to  obtain  a  determination  sufficiently  precise  to  de- 
cide between  the  two  values  given,  the  one  by  the  old  astronomical 
data  (308000  to  310000  kilometres  in  a  second),  the  other  (298000) 
by  the  experiments  of  Foucault  with  the  rotating  mirror.  I  am 
happy  to  announce  that  the  accuracy  I  expected  ("  probably  to  less 
than  a  hundredth  ")  has  been  even  exceeded;  and  the  question  of 
the  absolute  value  of  the  velocity  of  light  appears  to  me  to  be  de- 
cided in  favour  of  the  lower  number,  as  ^\ill  be  seen  from  the 
numerical  results  which  1  have  obtained. 

I  will  first  briefly  describe  the  arrangements.  ,The  observing- 
station  is  in  an  ui)p(T  room  of  the  pavilion  of  the  Ecole  Polytech- 
ni(iue;  the  other,  in  the  chamber  of  one  of  the  barracks  on  Mont 
Valerien.  At  the;  former  station  are  fixed  the  observing-tolescopo 
(aperture  180  millims.,  focal  distance  2-4  metres),  the  toothed  wheel 
and  itH  motive  mechanism,  thc^  illiinihiating  system,  the  apparatus 
for  registering  the  velocities,  the  electric  wires,  &c.  The  upi)t)sito 
station  contains  only  the;  reflecting  collimator,  compitsed  of  an  ob- 
jective (apertures  1 10  millims.,  focal  distance  1-2  metre)  mounted  as 
a  telescope  and  with  a  small  plane  mirror  of  silvered  glass  in  the 
focal  ])laue. 
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I  describe  in  detail  iu  the  memoir  the  precautions  to  be  taken  in 
order  to  adjust  in  the  same  right  line  the  optic  axes  of  the  two  ap- 
paratus, and  to  place  the  surface  of  the  mirror  in  the  focal  plane  of 
the  collimator.  This  second  condition  must  be  fulMlled  very  accu- 
rately ;  other\rise  the  loss  of  light  on  the  retui'n  would  be  consider- 
able. I  succeeded  in  fulfilling  it  completely  by  using  as  a  reticule 
the  silver  pellicle  partially  raised  on  certain  points  of  the  mirror : 
the  precision  is  then  determined  entirely  by  the  defining-power  of 
the  telescope. 

Among  the  improvements  introduced  in  the  course  of  these  re- 
searches, I  will  mention  the  construction  of  the  motor  of  the  toothed 
wheel.  Fromeut's  motor,  with  helicoidal  tooth-range,  was  given  up, 
as  it  necessitated  too  great  a  motive  force.  I  notably  simplified  the 
arrangement  by  utilizing  some  clockwork  mechanisms  sold  under 
the  name  of  roulants  carres  (the  sides  from  12  to  15  centims.) ;  the 
escapement  and  wheelwork  are  taken  away,  and  the  ratchet-wheel 
of  the  escapement  is  replaced  by  a  lighter  wheel  \rith  finer  teeth : 
I  used  for  this  purpose  three  patterns,  wheels  with  10-1,  116,  and 
140  teeth. 

By  fitting  a  powerful  spring  in  the  barrel,  I  have  been  able  to 
attain  velocities  of  from  700  to  800  turns  in  a  second.  FLaally,  as 
a  complement,  on  the  axle  of  the  minute-hand  I  disposed  an  electric 
cam  (necessary  for  the  registration  of  the  velocity  of  rotation  of  the 
mechanism),  a  brake  (to  regulate  the  velocity  at  will ),  and  a  second 
barrel  (permitting  the  toothed  wheel  to  be  turned  in  the  contrary 
direction).  This  last  arrangement  is  useful  for  the  elimination  of 
certain  systematic  errors  which  might  result  from  the  mechanism 
itself. 

I  shall  not  dwell  upon  the  description  of  an  experiment.  The 
observer,  attentive  to  the  variations  of  intensity  of  the  return-light, 
transmits  electric  signals  to  the  recorder — that  is,  a  cylinder  covered 
with  blackened  paper,  on  which  three  electromagnets  cause  to  be 
traced  respectively  the  signals  from  the  seconds-clock,  from  the  cam 
of  the  mechanism,  and  from  the  key  managed  by  the  observer.  In 
general  he  notes  the  successive  disappearances  of  the  light,  which 
correspond  to  velocities  of  the  toothed  wheel,  var^'ing  as  the  series 
of  the  odd  numbers.  Thanks  to  the  working  of  the  brake,  he  can 
at  will  produce  an  acceleration  or  retardation  of  the  motion  of  the 
mechanism,  or  maintain  a  velocity  sensibly  constant  during  some 
seconds. 

Notwithstanding  the  disad^•antages  of  the  atmosphere  of  Paris,  I 
often  obtained  a  very  intense  return-light  with  the  oxyhydrogen 
lamp,  or  even  with  a  simple  petroleum-lamp.  The  total  number  of 
my  observations  exceeds  a  thousand :  they  are  registered  iu  the 
form  of  graphic  traces,  which  1  have  the  honour  to  lay  before  the 
Academy.  The  work  of  reduction  is  rather  tedious  ;  so  I  have 
taken  up  only  those  observations  which  are  most  complete  and  were 
made  under  satisfactory  circumstances ;  their  number  amounts  to 
about  050.  A  uniform  method  of  calculation  permitted  me  to  de- 
duce from  the  traces  the  time  which  the  light  occupied  in  accom- 
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plishiug  the  double  of  the  distance  between  the  two  stations.  This 
distance,  carefully  determined,  was  found  to  be  10310  metres,  Avith 
a  probable  error  of  less  than  10  metres  in  excess  or  defect — that  is 
to  say,  an  approximation  to  within  one  thousandth  part.  I  effected 
this  measurement  myself,  with  the  aid  of  a  little  triangulation.  I 
took  advantage  of  the  circumstance  that  the  three  salients  of  bas- 
tions Xo.  1,  No.  2,  and  Xo.  5  of  the  fortifications  of  Mont  Yalerien 
could  be  seen  from  the  belvedere  of  the  Ecole  Polytechnique.  Ta- 
kiijg,  with  a  good  azimuth-circle,  the  angles  subtended  by  those 
three  points,  1  was  able,  by  the  calculation  of  the  proper  segments, 
to  obtain  the  data  necessary  for  ascertaining  the  distance  between 
the  two  stations.  The  dimensions  of  the  fortress  having  been  ac- 
curately measured  by  the  engineers,  I  obtained  from  the  Depot  des 
Fortifications  the  distances  between  the  necessary  points,  which 
enabled  me  to  dispense  with  measuring  a  base. 

I  found,  besides,  at  the  Prefecture  of  the  Seine,  two  determina- 
tions of  the  distance  from  certain  points  on  Mont  Valerien  to  the 
Pantheon  (one  derived  from  the  operations  for  the  Register,  the 
other  from  those  of  the  Commission  for  the  Plan  of  Paris).  The 
mean  of  the  three  closely  agreeing  values  thus  obtained  gave  the 
number  above  adopted.  If  a  subsequent  geodesic  operation  should 
furnish  more  exactly  the  distance  between  the  two  stations,  it  mil 
be  very  easy  to  calculate  the  correction  to  be  applied  to  my  results. 

The  following  Table  gives  the  result  of  the  definitive  calculations ; 
the  values  of  the  velocity  of  light,  expressed  in  kilometres  per  se- 
cond, are  classed  according  to  the  order  of  the  occultations  of  the 
return-light  which  furnished  them. 

Order  1. 


Order  2. 

Order  3. 

Order  4. 

Order  5. 

Order  6. 

Order  7. 

302G00 

297300 

298500 

298800 

297500 

300400 

(17) 

(230) 

(37G) 

(480) 

(91) 

(27) 

The  numbers  in  parentheses  express  the  relative  weitjht  of  the 
corresponding  values.  They  were  formed  by  dividing  by  10  the 
product  of  llie  number  of  observations  into  'In — 1  (n  being  t  In-order 
of  the  occultation)  and  the  coellu-ient  1,  2,  3,  or  4,  according  as  the 
remark  in  the  experiment-book  \\as  "pretty  good,"  "good,"  "very 
good,"  or  "(excellent,"  according  to  the  stale  of  the  atmosphere. 

The  compound  mean  gives  298400,  Multiplying  this  by  the 
ind(;x  of  refraction  of  the  air,  J -0003,  we  obtain  the  number  298500 
kilometres  per  second  us  the  value  of  the  velocity  of  light  in  v(umo 
dfdiiccd  from  the  totality  of  my  observations,  1  reckon  that  this 
nuinbi'P  ajjproachcH  within  .jJ^^,-. 

The  accor(lanc(f  of  this  result  with  Foucault's  is  not  uninterest- 
ing;  and  it  should  be  remarked  that  Foucault's  experiments  re- 
quired vtTJfication,  not  only  l)(!caus(>  the  details  of  the  observations 
and  pnxM'dure  liavt^  not  been  published,  and  tlu'rei'oni  have  under- 
gone no  discussion,  but  also  because  the  rolating-mirror  melliod  is 
ex])osed  to  grave  objections  (into  tlie  slatemeiil  of  wliicli  I  sluill  not 
now  enter),  xsliihj  M.  JM/i!au's  mctliod  is  free  from  tliose  object  ions. 
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Astronomers,  also,  will  fLud  iu  this  uew  determiuatiou  of  the  velo- 
city of  light  au  important  coufirmation  of  the  value  of  the  sun's 
parallax  8"'86,  which  is  obtained  by  comparing  this  number  with 
the  constant  of  the  aberration.  It  is  the  value  w  hich  M.  Le  Ter- 
rier has  found  again  by  three  series  of  observations  relative  to  the 
motions  of  the  planets,  particularly  Mars  and  Venus.  The  import- 
ance, then,  for  astronomy,  of  the  precise  determiuatiou  of  the  ve- 
locity of  light  cannot  be  too  much  insisted  on. 

In  conclusion,  I  think  I  am  right  in  affiiining,  as  M.  Fizeau  an- 
nouuced  immediately  after  his  first  researches,  that  the  same  expe- 
riments could,  without  much  more  difficulty,  be  repeated,  luider 
favourable  atmospheric  and  topographical  conditions,  with  stations 
from  2t)  to  30  kilometres  apart.  Then,  with  the  aid  of  a  special 
geodesic  operation,  I  doubt  not  that  we  could  obtain  a  determination 
of  the  velocity  of  light  approximate  within  less  than  a  thousandth 
part.  I  have  the  greatest  desire  to  attempt  this  experiment,  and 
should  deem  it  a  great  honour  if  the  Academy  would  receive  the 
project  favourably.  It  is  desirable,  for  the  honour  of  French 
science,  that  those  grand  labours  commenced  by  Eoemer  at  the  Ob- 
servatory of  Paris,  simplified  and  continued  by  French  savants, 
should  be  completed  in  France  with  all  the  precision  which  com- 
ports with  their  importance  iu  the  light  of  physics  and  astronomy. 
— Comptes  Rcndus deT Academie  des  Sciences,  vol.  lxx^i.  pp. 338-342. 


NEW  EXPERIMENTS  ON  SINGING  FLAMES.       BY  FR.   KASTNER. 

If  two  flames  of  suitable  size  be  introduced  into  a  glass  tube 
and  both  placed  at  two  thirds  of  the  length  of  the  tube  from  its 
lower  end,  they  will  vibrate  iu  unison.  The  production  of  the 
phenomenon  continues  as  long  as  the  flames  are  kept  separate ; 
but  the  sound  ceases  as  soon  as  the  two  are  put  in  contact. 

I  took  a  glass  tube  5.5  centims.  in  length,  41  millims.  iu  exterior 
diameter,  and  2'5  millims.  in  thickness.  Two  separate  flames, 
produced  by  the  combustion  of  hvdrogen  gas  issuing  from  burners 
of  suitable  construction,  placed  at  183  mdlims.  from  the  base  gave 
the  souud  of  fa  natural. 

As  soon  as,  with  the  aid  of  very  simple  mechanism,  the  flames 
are  brought  together,  the  sound  is  suddenly  interrupted.  If  we 
vary  the  position  of  the  flames  in  the  tube,  leaving  them  still 
separate,  above  the  third  part  of  the  length  the  sound  diminishes 
as  far  as  the  middle  of  the  tube,  beyond  which  all  soimd  ceases ; 
below  the  same  point,  on  the  contrary,  the  sound  augments  as  far 
as  the  quarter  length  of  the  tube.  If  at  this  place  the  flames  are 
brought  together,  the  sound  does  not  cease  immediately,  as  the 
two  flames  can  continue  to  vibrate  as  a  single  one. 

The  interference  of  singing  flames  is  only  produced  under 
special  conditions.  It  is  of  importance  that  the  length  of  the 
tubes  be  in  accordance  with  the  number  of  the  flames  ;  the  height 
of  the  flame  exerts  only  a  limited  action  upon  the  phenomenon, 
while  the  form  of  the  burners  plays  au  important  part. 
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The  whole  of  the  experiments  which  I  have  made  during  the 
last  two  years  have  led  me,  as  an  application,  to  the  construction 
of  a  musical  instrument  of  an  entirely  new  quality  of  tone,  ap- 
proximating to  the  human  voice.  I  have  given  it  the  name  of 
pyrophone.  This  instniment  is  composed  of  three  key-boards, 
which  can  be  united  like  those  of  the  organ.  With  the  aid  of  very 
simple  mechanism,  all  the  keys  are  connected  with  the  feed-pipes 
of  the  flames  in  the  glass  tubes.  When  one  of  the  keys  is  pressed, 
the  flames  separate  and  the  sound  is  immediately  produced ;  as 
soon  as  the  performer  ceases  to  act  on  the  key,  the  flames  come 
together  and  the  sound  ceases. — Comptes  Meiulus  de  V Academic  des 
Sciences,  March  17,  1873,  p.  699. 


ON  A  NEW  OPERATION  BY  WHICH  THE  VELOCITY  OF  PROJECTILES 
CAN  BE  DETERMINED  OPTICALLY.       BY  MARCEL  DEPREZ- 

An  important  advantage  in  using  artillery  would  be  an  exact 
knowledge  of  the  form  of  the  trajectory  of  projectiles  fired  under 
high  angles,  as  well  as  their  velocity  at  each  point  of  the  trajectory. 
Unfortunately  the  methods  hitherto  applied  to  very  flat  trajec- 
tories are  totally  inappHcable  to  firing  under  high  angles.  In 
reflecting  on  the  means  for  suppMng  this  deficiency,  I  have  been 
led  to  demise  a  process  which,  appUcable  to  many  other  questions 
besides  that  dealt  \vith  in  bahstics,  I  think  it  will  be  useful  to 
make  known. 

Suppose  that  on  the  ground-plan  of  the  polygon  two  stations, 
A  and  B,  be  chosen,  at  each  of  which  is  placed  a  telescope.  The 
optical  axes  of  these  telescopes  must  be  in  one  and  the  same 
vertical  plane  perpendicular  to  the  vertical  plane  taken  by  the 
axis  of  the  piece  ;  and  the  stations  A  and  B  are  to  be  situated  at 
nearly  equal  distances  from  the  intersection  of  the  two  planes. 
The  projectile  is  to  be  furnished  \^'ith  a  fusee  shedding  a  bright 
light  (magnesium  would  doubtless  be  very  suitable  for  the  purpose). 
This  being  admitted,  we  shall  suppose  that,  the  piece  being  pointed 
at  a  constant  angle  and  firing  several  times  in  succession  \\ith  the 
same  charge  and  the  same  projectile,  the  resulting  trajectories  will 
pass  constantly  within  the  field  of  the  telescopes.  Then  it  is  evi- 
dent that,  knowing  the  angles  a.  and  ft  which  the  optic  axes  of  the 
latter  make  with  the  h(ise  A  B  at  the  moment  \\hen  the  two  ob- 
servtTs  simultaneously  perceive  the  projectile,  as  well  as  the  length 
of  that  base,  we  shall  have  all  the  elements  necessary  for  deter- 
mining the  coordinates  of  the  intersection  of  the  trajectory  and  the 
vertical  plane  passing  through  A  B.  This  process,  however,  in 
prin(ij)l(!  Ilie  same  as  that  employed  for  bolides,  would  not  give  the 
velocity  of  ihi-  projectile  at  the  moment  it  jiasses  before  the  ob- 
servers. To  determine  this  element  I  propose  the  following 
means  : — 

With  each  of  the  t«'lpscopefl  is  cou])led  a  parallel  telescope,  of  the 
same  power,  furnished  with  a  reticule  the  wires  of  which  subtend 
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knowii  angles  ;  but  the  objective,  iustead  of  being  fixed,  is  mounted 
upon  one  of  the  branches  of  a  diapason  animated,  during  the  ex- 
periment, \\ith  a  kno\^Ti  vibratory  movement.  In  this  second  tele- 
scope the  ej'epiece  is  replaced  by  a  plane  mirror  inclined  45°  to  its 
optic  axis,  and  reflecting  the  luminous  rays  to  a  parallel  mirror 
situated  in  the  first  telescope.  This  second  mirror  is  transparent, 
so  that  it  transmits  the  rays  coming  from  the  fixed  objective.  The 
observer,  then,  perceives  simultaneously  two  luminous  images  of 
the  trajectory.  That  given  by  the  fixed  telescope  will  appear 
under  the  form  of  a  rectilinear  stroke  of  fire  ;  the  other,  trans- 
mitted by  the  Aibrating  objective,  will  have  the  form  of  a  sinusoid, 
of  which  the  rectilinear  stroke  will  be  the  axis.  If  the  nmnber  of 
\'ibrations  of  the  diapason  in  the  unit  of  time  be  chosen  so  that  the 
number  of  branches  of  the  sinusoid  comprised  between  two  parallel 
wires  of  the  reticule  does  not  exceed  five  or  six,  the  observer  wall 
be  able  to  count  them  instantaneously,  and  also  to  remember  which 
wires  pass  through  the  intersection  of  the  sinusoid  with  its  central 
line.  These  two  elements  will  give  immediately  the  ant/ular  velo- 
city of  the  projectile ;  and  on  multiplAong  it  by  the  distance  from 
the  observer  to  the  projectile  (given  by  the  operation  previously 
described),  we  shall  have  the  linear  velocity  sought. 

The  following  is  a  second  process,  based  on  the  same  principle. 
Its  realization  will,  it  is  true,  be  more  complicated  ;  but  it  will 
have  the  double  advantage  of  offering  several  means  of  controlling 
the  results  obtained  and  of  occasioning  less  fatigue  to  the  observer. 
Let  the  vibrating  lens  be  replaced  by  a  wheel  carrjing,  say,  5  lenses 
at  its  periphery,  and  making  20  turns  in  a  second.  At  the  instant 
of  the  passage  of  the  projectile  the  observer  will  see  parallel 
rectilinear  strokes  of  fire,  the  number  of  which  will  be  proportional 
to  the  time  employed  by  the  projectile  in  traversing  the  field  of  the 
telescope.  It  will  then  be  sufficient  for  him,  as  before,  to  re- 
member the  number  of  strokes  comprised  between  two  wires,  ia 
order  thence  to  infer  the  velocity  sought.  In  fact,  each  of  the 
bright  strokes  sent  by  the  moving  lenses  represents  in  direction 
the  resultant  of  a  parallelogram,  the  sides  of  which  are  propor- 
tional to  the  anc/tdar  velocities  of  the  projectile  and  of  the  lenses 
(round  the  observer  as  a  centre).  Now  the  magnitude  and  direc- 
tion of  the  velocity  of  the  lenses  are  known ;  and,  knowing  the 
directions  of  the  resultant  velocity  and  of  the  velocity  of  the  pro- 
jectile, we  shall  be  able  to  find  the  amount  of  the  latter.  To  deter- 
mine with  precision  the  directions  of  these  two  velocities,  it  will 
only  be  requisite  to  put  one  of  two  special  wires  of  the  reticule 
parallel  to  each  of  them  ;  and  this  operation  (provided  the  succes- 
sive discharges  of  the  gun  be  identical)  will  be  susceptible  of  greater 
precision  than  that  described  in  the  first  process. 

These  means  are  evidently  applicable  to  all  bodies  in  motion  ; 
and  it  is  precisely  by  making  use  of  them  to  measure  velocities 
kno\\-n  beforehand  that  we  shall  be  able  to  judge  of  the  degree  of 
precision  to  b(^  attained  by  them.  Not  being  in  favourabl(>  circum- 
stauces  for  carrying  out  experiments  of  this  kind,  1  should  be 
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happy  if  this  communication  should  determiDe  others  to  try  them. 
The  limits  of  this  note  compel  me,  also,  to  pass  over  in  silence 
many  details  intended  to  augment  the  chances  of  success. — Comptes 
Rendas  dc  I'Acad.  des  Sciences,  vol.  Ixxvi.  pp.  819-821. 


ON  THE  DEVELOPMENT  OF  HEAT  BY  THE  FRICTION  OF  LIQUIDS 
AGAINST  SOLIDS.       BY  O.   MASCHKE. 

It  is  known  that  the  energetic  aspiration  of  a  liquid  through  a 
porous  substance  is  accompanied  by  a  rise  of  temperature,  probably 
resulting  from  the  friction  of  the  liquid  against  the  walls  of  the 
capdlary  channels  into  which  it  rushes.  M.  Maschke  gives  some 
measurements  of  the  rise  of  temperature  obtained  by  soaking  amor- 
phous sUica  wi'h  various  liquids. 

The  porous  body,  reduced  to  grains  of  the  size  of  mustard-seed, 
is  introduced  into  a  test-tube  closed  by  a  stopper  with,  three  aper- 
tures, one  of  which  gives  passage  to  a  thermometer,  which  measures 
the  temperature  of  the  porous  body  and  afterwards  that  of  its  mix- 
ture with  the  liquid  introduced ;  another  has  a  glass  siphon  which 
dips  to  the  bottom  of  the  test-tube  ;  through  the  third  an  aspiration- 
tube  passes.  By  a  prolonged  stay  in  the  same  mediimi,  the  porous 
body  and  the  Uquid  are  caused  to  have,  at  the  commencement  of 
the  experiment,  sensibly  the  same  temperature.  The  outer  extre- 
mity of  the  siphon  being  immersed  in  the  liquid,  the  operator  in- 
hales g(Mitly  through  the  discharge-tube,  and  observes  the  highest 
temperature  reached  by  the  thermometer  during  the  imbibing  of  the 
liquid  by  the  porous  substance. 

M.  Maschke  has  studied  the  following  cases : — amorphous  siUca, 
first  moistened,  then  dried  at  a  moderate  temperature  till  it  con- 
tained only  39*8  per  cent,  of  water,  treated  with  water ;  silica  con- 
taining 18-8  per  cent,  of  water,  and  water;  dry  silica  and  water; 
calcined  silica  exposed  to  moist  air  (22*68  per  cent.  H^  O),  and 
water;  silica  calcuKKl  and  then  exposed  to  very  moist  air  ( 28*24 
per  cent.  H^  O),  and  water  ;  silica  calcined  and  cooled  over  sulphuric 
acid,  treatf'd  somtjtimes  with  water,  and  sometimes  with  benzole, 
oil  of  almonds,  concentrated  sulphuric  acid,  or  alcohol. 

The  experiment  lasted  3,  1 0,  20,  30,  and  even  as  long  as  45  mi- 
nutes ;  but  it  was  not  at  the  end  of  the  experiment  that  the  ther- 
mometer immersed  in  the  porous  substaTice  attained  its  maximum. 

Tht^  author  operat(^d  at  a  mean  temperature  in  the  vicinity  of  15° 
or  20°  C.  In  the  majority  of  instances  thc^  rise  of  temperature 
vari*'d  between  1°  and  8°  C.  In  the  calcined  and  dry  silica  soaked 
with  concentrated  sulphuric  acid  the  therniometer  rose  from  li)°*S 
tx)  33°*5,  In  oni!  part  oF  calcined  silica  mixed  with  3*2  parts  of 
alcithol  the  Iherniometer  ros(!  from  13°  to  2(!°  0.  (^luiH/,  and 
pounded  glass  treattnl  in  the  same  manner  givt;  no  appri'cialfl(>  rise 
of  temperature. — Archives  des  tScietuYn  /'/ii/si(fii<.t  el  Naturelles,  vol. 
xlvi.  p.  271 . 
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LII.   On  the  Expansion  of  Superheated  Vapours, 
By  Dr.  Hermann  Hkuwig*. 

IN  my  earlier  investigations  on  the  variability  of  vapour-den- 
sitiest,  among  other  results  it  appeared  that,  under  certain 
feeble  pressures,  continually  heated  vapours  contained  within  a 
space  of  constant  dimensions  may  have  a  smaller  coefficient  of 
expansion  than  that  which  is  attributed  to  perfect  gases,  viz. 
0-003GG3.  The  numbers  then  obtained,  however,  rather  pointed 
towards  such  a  behavionr  of  the  vapours  than  decidedly  proved 
it,  as  the  differences  in  this  direction  of  the  observed  densities 
amounted  to  very  small  values  J.  On  this  account  I  have  en- 
deavoured by  another  method  to  elucidate  further  this  still  dis- 
putable point. 

The  procedure  consists  in  comparing  directly  the  expansion 
under  ])ressure  of  a  constant  volume  of  vapour  with  that  of  a 
constant  volume  of  dry  air.  Superheated  vapour  and  dry  air 
were  contained  in  the  two  legs  of  a  U-shaped  glass  tube  heraie- 
tically  sealed  at  both  cuds,  and  were  separated  from  each  other 
by  an  extensive  thickness  of  mercury.  The  preparation  of  such 
tubes,  in  which  vapour  and  air  have  any  pressure  we  ])lcase,  is 
very  simjjle.  A  wide  tube,  as  nearly  as  possible  cylimh-ical,  is 
bent  into  a  U-shape ;  its  two  ends  are  drawn  out  thin ;  and  it 
is  tilled  to  fully  one  half  with  strongly  heated  perfectly  dry  mer- 
cury. Then  a  quantity  of  liquid,  the  vapour  of  which  is  to  be 
investigated,  is  drawn  into  one  of  the  legs;  and  now  the  tube, 
with   the  exception  of  its  capillary  ends,  is  put  into  a  heated 

*  Transliiteil  from  a  seiiaiate  impression,  communicated  by  the  Author, 
from  Poggeuilortt's  Annalen,  vol.  cxlvii.  j).  161. 

t  Pogg.  Ann.  vol.  exxxvii.  pp.  I!^  &  b\)2,  and  vol.  cxli.  p.  83. 

X  Compare  the  remarks,  Pogg.  Ann.  vol.  cxli.  p.  81). 
Phil,  Mag.  S.  '1.  Vol.  45.  No.  302.  June  1873.  2  D 
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water-batli,  in  order  by  violent  boiling  of  the  liquid  to  expel  the 
air  from  the  leg  of  the  tube  and  fill  it  exclusively  with  a  cei'tain 
quantity  of  the  vapour.  When  the  wished-for  degree  of  filling 
is  attained,  this  leg  is  closed  by  melting  the  end  with  a  pointed 
flame.  As  the  boiling  takes  place  .under  atmospheric  pressure, 
when  we  wish  the  half-leg  filled  with  superheated  vapour  of 
feeble  pressure  we  have  to  keep  only  a  corresponding  fraction  of 
the  interior  of  the  leg  free  from  mercury  during  the  boiling,  conse- 
quently to  put  it  in  an  inclined  position,  and  to  close  the  end  as 
soon  as  the  small  space  left  free  is  filled  with  pure  saturated  vapour 
under  atmospheric  pressure.  If,  on  the  contrary,  a  greater  pres- 
sure of  vapour  is  required,  a  larger  space  is  to  be  taken  for  the 
vapour  during  the  boiling;  consequently  the  tube  must  be  in- 
clined in  the  opposite  direction  ;  moreover  the  tube  can  be  closed 
before  the  liquid  is  vaporized.  In  every  case  it  is  easy  to  secure 
the  filling  of  the  leg  with  the  exact  quantity  desired  of  the  vapour 
of  the  liquid  in  question,  and  free  from  air;  of  this  we  may 
convince  ourselves  by  letting  the  tube  cool,  when  the  vapour 
becomes  liquid  again,  and  the  entire  half  of  the  tube  must  be 
occupied  exclusively  by  mercury  and  a  small  quantity  of  the 
liquid.  This  was  always  perfectly  accomplished  in  my  expe- 
riments. 

The  other  leg  is  then,  after  the  intervention  of  a  drying-appa- 
paratus,  attached  to  the  air-pump ;  and  when,  after  several  ex- 
haustions, it  has  been  filled  with  dry  air  of  the  requisite  density, 
it  also  is  hermetically  sealed. 

"We  have  thus  a  completely  closed  tube  which,  starting  from 
a  certain  temperature,  contains  at  all  higher  temperatures  super- 
heated vapour  on  one  side,  and  dry  air  on  the  other,  of  each  a 
fixed  quantity.  Both  vapour  and  air  then  exhibit  their  pressure- 
difference  for  each  temperature  through  the  diflerence  of  level  of 
the  mercury  between  them  in  the  lower  half  of  the  tube,  and 
therewith  occupy  each  a  determinate  space.  To  ascertain  with 
exactness  these  spaces,  I  drew  some  strokes  with  a  diamond  upon 
the  tube,  and  then  placed  it,  supported  on  a  strong  brass  foot, 
in  a  large  water- bath,  tiic  fore  and  hind  sides  of  which  were 
formed  by  plane-parallel  looking-glass  plates.  The  bath  stood 
upon  a  table  fixed  to  the  wall,  in  I'ront  of  a  window  of  the  labo- 
ratory, and  was  heated  by  gas-ilamcs.  A  uniform  temj)craturc 
in  the  bath  was  secured  by  means  of  a  stirrer  with  a  double 
frame,  whiclk  was  moved  uj)  and  down  from  20  to  30  times  in  a 
minute  by  a  small  steam-engine. 

The  observations  were  conducted  as  follows.  I  first  jiroduced 
in  the  bath  the  highest  temperature  that  was  to  be  attained  by 
the  tube  during  the  experiments,  in  order  to  mal<e  sure  of  ex- 
pelling from  the  upper  layers  of  the  mercury  any  particles  of 
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the  vapour  of  the  liquid  or  of  air  which  they  might  still  retain. 
la  this  way  the  subsequent  observations  were  certainly  made 
upon  constant  quantities  of  vapour  and  of  air  (so  far  as  the  ad- 
hesion-phenomena to  be  afterwards  considered  did  not  come 
into  play),  of  which  I  in  many  cases  convinced  myself  by  re- 
peated series  of  observations  with  falling  and  with  rising  tem- 
perature. 

I  now  made  the  observations  for  a  series  of  temperatures, 
each  of  which  was  kept  constant  for  a  longer  time  by  brisk 
action  of  the  stirrer ;  and  to  read  off  the  difference  of  level  of 
the  mercury  for  each  temperature  a  delicate  cathetometer  was 
employed.  The  cathetometer  (an  excellent  specimen  made  by 
M,  Schubart,  of  Ghent)  stood  upon  a  massive  stone  pillar  which 
is  erected  directly  above  the  subterranean  vault  of  our  labora- 
tory; the  slightest  shaking  of  the  cathetometer  is  thus  excluded. 
The  temperature  of  the  bath  was  taken  by  a  delicate  Geissler's 
normal  thermometer  which  gives  tenths  of  a  degree.  The  sub- 
sequent calculation  shows,  moreover,  that  a  reading  of  the  tem- 
perature to  tenths  of  a  degree  would  really  have  been  unneces- 
sary— that,  in  such  observations  of  differences,  it  is  much  more 
essential  to  have  the  same  temperature  in  all  parts  of  the  tube; 
and  this,  as  I  have  said,  "was  always  attained  by  the  perfect 
effectiveness  of  the  stirring-apparatus. 

It  was  then  only  necessary,  besides  the  observations  of  the 
level  of  the  mercury,  to  note  down  at  the  same  time  with  each 
observation  its  position  about  the  strokes  which  were  marked  on 
the  tube. 

After  carrying  out  these  observations,  I  broke  off  the  capil- 
lary end  of  the  tube  on  the  vapour  side,  and  thus  put  this  por- 
tion of  the  tube  in  communication  with  the  external  air.  The 
pressure  ;>o  of  the  dry  air  in  the  other  leg  of  the  tube,  at  a  fixed 
temperature  6  of  the  bath,  was  then  again  determined,  and  the 
position  of  the  mercury  about  the  diamond-marks  noted  down. 
Lastly  the  following  weighings  of  the  mercury  were  made : — 

(1)  The  weight  of  the  n:crcury  contained  in  the  tube  during 
the  experiments ;  let  it  be  W. 

(2)  The  weight  of  the  mercury  Avhich,  at  a  certain  tempe- 
rature 6  tills  the  whole  tube ;  let  it  be  x. 

(3)  The  weight  of  the  mercury  which  at  the  temperature  6\ 
tills  the  space  occupied  by  the  vapour  during  the  mea- 
surement when  the  position  of  the  mercury  about  the 
diamond-marks  was  noted  down ;  let  it  be  y. 

(4)  The  weight  of  the  mercury  which  at  the  temjierature  $^ 

tills  the  space  occupied  by  the  dry  air  at  the  time  of  the 

determination  of  its  j)rcssure  in  comparison  with  that  of 

the  external  air ;  let  it  be  z. 
o  1)  o 


404  Dr.  H.  Herwig  on  the  Expansion 

(5)  The  weight  of  the  mercury  which  occupies  the  length 
of  a  millimetve  in  the  cylindrical  part  of  the  tube  at  the 
temperature  6^;  let  this  be  u. 
With  these  data  the  entire  calculation  can  be  effected. 

§2. 

Two  formulse  especially  present  themselves  from  which  we  may 
endeavour  to  judge  of  the  behaviour  of  superheated  vapour.  Let 
p,  V,  and  t  be  the  values  of  pressure,  volume,  and  temperature 
(Celsius)  of  a  determined  weight  of  superheated  vapour;  we 
can  either  put 

pv  =  (l){273  +  t), 

where  (j)  is  then  a  variable  whose  law  of  variation  must  be  sought, 
or  we  can  put 

pv=^C(E  +  t), 

where  E  is  such  a  variable,  but  C  is  a  constant  dependent  on 
the  quantity  by  weight  of  the  vapour. 

The  latter  formula  was  applied  by  Fairbairn  and  Tate^  to 
their  observations  on  steam  (to  be  considered  further  on).  I 
have  not  chosen  it,  because,  with  the  proportions  of  my  experi- 
ments, the  results  calculated  after  this  formula  must  have  given 
less  striking  numbers  than  those  calculated  according  to  the 
iirst.    We  shall  easily  be  convinced  of  this  from  the  following. 

Thus,  if  we  take  the  formula 

pv  =  <f>{273-\-t), 

it  is  only  when  the  vapour  exhibits  the  behaviour  of  a  perfect 
gas  that  (f)  becomes  a  constant  depending  on  the  weight  of  ^the 
vapour.     At  the  same  temperature  t,  for  dry  air,  we  have 

PV  =  R(273  +  0. 
where  P  and  V  denote  pressure  and  volume,  and  R  is  a  constant 
depending  on  the  quantity  of  air  employed.     This  equation  pre- 
supposes, of  course,  the  full  validity  of  Mariotte  and  Gay-Lus- 
sac's  law. 

From  the  two  equations  we  get 

;,-P  =  (273  +  /)(f-?). 
Putting  p-V  =  U, 

we  get  ^       /     H  ll\ 

according  to  which  I  have  calculated  my  observations. 
*  Phil.  Trana.  1802,  p.  6!M. 
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H  is  the  difference  (reduced  to  0°)  of  the  levels  of  the  mer- 
cury iu  the  tube  at  cacli  experiment,  and  so  the  proper  object  of 
the  measurements.  In  tlie  calculations,  H  is  given  in  milli- 
metres. 

V,  R,  and  V  are  obtained  in  the  following  manner  from  the 
mercury- weighings : — 

If  we  imagine  the  tube  divided  into  two  exactly  equal  parts, 
and  if  Wg  is  the  volume  of  each  part  at  0°  ex])ressed  in  the 
weight  of  mercury  at  0°,  at  the  temperature  t  of  observation  it 
becomes  V\\{\-\-^t),  if /3  is  the  coefficient  of  expansion  of  the 
glass.  If,  now,  during  the  observation  made  for  the  temperature 
/  the  weight  of  the  mercury  in  the  vapour-half  of  the  tube  is 
found  to  be  "NV,,  this  occupies  the  space  Wj(l-f7/),  where  y  is 
the  known  coefficient  of  expansion  of  mercury  at  that  tempera- 
ture. The  vapour-volume  v  at  the  temperature  t  is  evidently 
equal  to  the  difference. 

But,  from  the  mercury-weighings  mentioned  in  the  preceding 
section,  we  obtain 

W,(]+7/)=W2(H-/30-2/[l  +  7^,][l+/S(''-^,)],ifforthe 
temperature  t  we  first  select  exactly  that  temperature  of  obser- 
vation at  which  we  at  the  same  time  noted  down  the  position  of 
the  mercury  about  the  diamond-strokes. 

Just  so 

y=^V2(i-f/3/)-(W-w,)(i-i-70; 


and,  finally, 


where  a  is  the  well-known  value  0'003G63. 

It  will  at  the  same  time  be  seen  that  all  the  space-determina- 
tions are  effected  with  the  same  unit,  mercury  at  0°. 

For  any  other  /,  v  and  V  acquire  other  values  only  so  far  as 
W,  changes  with  t ;  while  V^\  and  W  remain  constant  for  all 
values.  On  account,  however,  of  the  eylindricity  of  the  part 
of  the  tube  which  here  comes  into  consideration,  we  must  put 

d\Y,  ,  rfH 

__=_const.^; 

that  is,  according  to  No.  5  of  the  above  mercury-weighings,  re- 
membering that  H  is  given  in  height  of  mercury  at  0°, 

rfW,  d\l  d\l 

-^,    =-"(1+7^3)  ^=.-c-^. 
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Therefore,  W,,  W,  R,  aad  c  once  calculated  for  a  series  of 
observations,  the  rest  of  the  calculation  is  performed  with  the 
two  formulae 


and 


/     H         R 


dt     ~      ^  dt' 


It  will  now  be  seen  from  the  following  that  the  first  term  in 
the  right-hand  brackets  for  c^^  on  account  of  the  small  value  of 
H  in  the  greatest  number  of  my  series  of  observations,  is  deci- 
dedly the  smaller  of  the  two  bracketed  terms.  An  at  all  events 
small  error  in  the  determination  of  t  would,  on  this  account, 
have  absolutely  no  intluence ;  hence  this  formula  was  especially 
advantageous  for  the  calculation  of  the  experiments. 

§3. 

Before  communicating  the  observations  on  vapours,  I  will  first 
cite  two  tests  of  accuracy  to  which  I  subjected  the  method. 
First,  I  filled  a  tube  on  both  sides  with  dry  air;  constant  values 
of  </)  must  evidently  then  be  obtained.  The  two  following 
Tables  contain  the  results  from  two  tubes.  On  their  arrange- 
ment nothing  more  need  be  added  after  what  has  been  said. 

Table  I. 
W2=307'6.     W=224-5.     11=414-674.     c=0-88. 


/. 

11. 

W,. 

V. 

V. 

<P- 

P- 

millims. 

millims. 

3U7 

+  46-35 

89-59 

217-75 

172-1 

557-90 

778 

42-5 

46-45 

89-5 

2177 

171-9 

557-21 

52-3 

46-45 

89-5 

217-05 

1717 

556-73 

Go 

46-65 

89-31 

217-7 

171-3 

557-04 

865 

Table  11 

[. 

\V2  =  2 

;09'6. 

W=224-5.     R 

=387-472.    c= 

=  0-88. 

ir,.3 

5.-.-8 

81-24 

228-25 

106-05 

576-64 

731 

2S-2 

50-1 

80-98 

228-4 

165-55 

57711 

421 

563 

80  8 

228-5 

105-1 

577-05 

587 

56-4 

8071 

228-4 

164-7 

576-17 

837 

The  constancy  of  <j>  is  sufficiently  attained ;  it  is  seen,  however, 
witliin  what  limits  small  variations  occur. 
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in  the  second  the  question  was,  to  realize  a  case  in  which  a 
variable  <^  might  be  surely  expected.  I  endeavoured  to  make 
use  of  my  earlier  expei'ience  *,  according  to  which,  at  not  high 
temperatures  small  quantities  of  aqueous  vapour  exhibit  extra- 
ordinary power  of  adhesion  to  glass  and  mercury.  I  put  into  a 
tube  a  portion  of  dry  mercury,  and  filled  up  one  side  with  dry 
air;  into  the  other  side  I  then  poured  a  quantity  of  somewhat 
moist  mercury  :  the  rest  of  this  side  was  hkewise  filled  with  air 
and  hermetically  sealed.  I  now  heated  it  strongly,  in  order  to 
expel  the  V\'uter  from  the  mercury  and  so  fill  the  air  above  it 
with  aqueous  vapour.  A  sufficient  quantity  of  vapour  actually 
entered  the  space  which  the  air  occupied,  as  the  following  series 
of  measurements  show;  they  contain  the  corresponding  values 
of  t  and  H. 

Table  III. 


t. 

H. 

t: 

H. 

t. 

II. 

0 

millims. 

o 

millims. 

0 

millims. 

41-6 

-113-5 

18-3 

-104-8 

61-9 

-107-8 

51-7 

-115-4 

14 

-105-3 

64-7 

-107-3 

61-9 

-116-9 

21 

-lOJ-5 

70-5 

-107-7 

71-5 

-116-4 

25-1 

-104 

70-7 

-107-8 

78-3 

-112-7 

301 

-103-2 

76-1 

-108-7 

83-7 

-111-3 

35 
40-3 

-103-5 
—104 

76 
75 

-109 
-108-7 

90 

-1112 

93 

-111 

46-2 

-104  8 

80-5 

-109-5 

85 

-110-2 

32-7 

-103 

78-3 

-109-6 

50-4 

-105-5 

13-6 

-106-3 

60-1 

-106-9 

2(M 

-103-9 

70-5 

-108-4 

34-8 

-103-3 

80-4 

-109-9 

48-2 

-105-1 

89-8 

-110-9 

58-1 

-106-7 

94-4 

-111 

48-2 

-105-1 

83-6 

-109-8 

41 

-103-9 

73-6 

-108-4 

29-8 

-1027 

64-1 

-107-1 

26-5 

-103-5 

54-9 
54 

-105-4 
-103-2 

This  Table  shows  that  as  far  as  90*^,  during  the  first  heating 
the  air  on  the  side  of  the  moist  mercury  exerted  a  considerably 
less  pressure  than  afterwards,  when  the  steam  expelled  by  the 
heating  cooperated. 

In  the  numbers  which  were  obtained  after  this  high  tempe- 
rature had  once  been  reached,  such  an  agreement  is  recognized 
in  the  repeated  ascending  and  descending  series,  that  greater 
could  not  be  expected  if  adhesion  of  the  aqueous  vapour  took  place. 

*  Pogg.  Ann.  vol.  cxxxvii.  p.  602. 
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These  numbers  are  arranged  in  the  following  Table  according  to 
the  temperatures,  and,  with  their  mean  values  (given  under  the 
heading  ^'  H  corrected ^^),  made  use  of  for  the  calculation  of  tlic 
values  of  ^.  In  another  column  tlie  variation  of  (^  for  each  10° 
of  change  of  temperature  is  given  in  percentages  of  ^ — thus, 
100  .  lOA^ 

Table  IV. 
Wo=390.     W=400.     11  =  144.     c=0-723. 


t. 

H. 

II  cor- 
rected. 

W^.        V.           V. 

|ioo  \^i^<p 

P- 

millims. 

!             1 

1 

millims. 

13-6 

-106-3 

-105-7 

2J5  73 

14 

-105-3 

-125-7 

215-73  143-9    235-5     34-97    I,, 
245-08  144-3     2347  i  36-62  l(  " 
244-86  144-4  ,234-45  3736    ;9 

70 

18-3 

-104-8 

21 

-104-5 

251 

-104 

244-5  '  i  ■ 

26-1 

-103-9 

-103-7 

244-28    ....: [8 

26-5 

-103-5 

-103-7 

244-28  144-8    2338    39-04    i 

29-8 

-102-7 

-102-0 

243  71    1  ^9 

301 

-103-2 

-102-9 

243-71  145-25  23315  4040    \ 

327 

-103 

-103-1 

243-85    ;  Ij.. 

34-8 

-103-3 

-l((3-4 

244  07    

35 

-103-5 

-1034 

244-07  144-7    2,33-4  !  40-70    h-9 

40-3 

-104 

244  5  1144-1 

2337  ,40-96   -1 

41 

-103-9 

-104 

244-5      

46-2 

-101-8 

24508    

482 

-105-1 

245-29    

[o-8 

48-2 

-105-1 

245-2!t    

50-4 

-105-5 

-105-2 

245-37  142-9 

234-4 

4i-36 

« 

54 

-105-2 

-1053 

245-44 

54-9 

-105-4 

-105-3 

245-44 

581 

-106-7 

24645 

601 

-lOC-9 

246-59  141-5 

235-5 

41-C8 

61-1 

-1071 

24674 

647 

-1073 

-1076 

2471 

64-9 

-107-8 

-107-6 

2471 

705 

-1178 

-108 

247  39 

70-5 

-108-4 

-108 

247-39  140-1   ;  236-1 

41-40 

707 

-107-7 

-108 

247  3!) 

73G 

-1084 



247-68 

75 

-108-7 

217  89 

76 

-109 

-1089 

24804 

761 

-108-7 

-108-9 

24S-04I 

78-3 

-109-6 

248-54: 

80-4 

-1099 

-109-7 

248-62 

80-5 

-109-5 

-109-7 

24862  138-5  I  237-15 

4119 

83-6 

-109-8 

248-69; 

85 

-110  2 

248-981 

89-8 

-110-9 

24948; 

90 

-ni-2 

-111 

24955; 

93 

-111 

24  9-55  i 

Ui 

-111 



249-55  13705  237-851  41-57 

1             1             1            1 

111 

The  values  of  0  therefore  hold  good  fur  air  containing  a  ccr- 
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tain  quantity  of  aqueous  vapour,  which  at  low  temperatures  par- 
tially adheres  and  in  various  proportions  at  various  temperatures. 
It  is  seen  what  great  changes  this  adhesion,  consequently  th'j 
variable  going  out  of  play  of  a  certain  quantity  of  vapour,  occa- 
sions in  the  values  of  0  belonging  to  lo\v  temperatures. 

The  method  has  accordingly  been  proved  by  a  twofold  test  to 
be  perfectly  applicable ;  and  this  is  the  direct  confirmation  of  an 
antecedently  justified  expectation. 

§  4. 
The  vapours  which  I  investigated  by  this  method  were  sul- 
phide of  carbon,  chloroform,  and  ethylic  alcohol.  The  chloro- 
form was  a  small^  carefully  preserved  remainder  of  the  prepara- 
tion made  use  of  in  my  earlier  experiments  ;  the  two  others  were 
newly  prepared.  In  the  following  the  Tables  on  the  vapour  of 
sulphide  of  carbon  shall  first  be  given.  In  the  last  column  the 
vapour-pressures ^j  are  still  shown ;  they  are  calculated  from  ^  by 
the  formula  ^  </)(273-^0^ 

V 

It  may  further  be  remarked  that  the  absolute  values  of  0  and 
J)  are  affected  by  at  any  rate  small  errors  in  the  above-mentioned 
weighings  of  the  individual  volumes  of  the  tubes,  which  cannot 
be  excluded ;  and  therefore  in  this  point  the  possibility  of  small 
errors  must  be  borne  in  mind.  The  course  of  the  values  of 
^,  however,  which  is  alone  of  importance,  depends  essentially 
upon  very  exactly  observed  values  of  H.  Where  several  series 
of  observations  gave  somewhat  diff'cring  numbers  for  the  latter 
vahies,  I  have  noted  down,  in  the  column  "  H  corrected,"  tlie 
numbers  made  use  of  for  the  calculation;  I  have  also  inserted 
in  this  column  notices  of  the  cessation  of  saturation.  Here 
however,  according  to  the  Tables,  the  difference  is  never  more 
than  0*1  millim. 

Sulphide  of  Carbon. 
Tadlk  V. 
W2=  378-4.     W=408.     11  =  67-425.     c= 0-821. 


H  cor- 

i 

Vapour- 

Air- 

Vapour- 

t. 

H. 

rected. 

w,.  1 

volume. 

volume. 

<(,. 

pressure. 

1 

V. 

V. 

P- 

0 

tnillims. 

millims. 

27-2 

-I-5-7J 

202-9 

17475 

172  5 

71-65 

123 

41-2 

5  85 

2()2-82 

174-45 

1721 

71-59 

129 

55-8 

5 '15 

202-74 

174  1 

1716 

71-56 

135 

62 

6 

202-6;», 

174 

1714 

7156 

138 

71-5 

61 

202-61 

7-2 

61 

202-61! 

173-8 

171 

7160 

142 

74r. 

6 

6-1 

202-61  i 

88-2 

6-2 

202-53 

173  4 

170-4 

71-59 

149 
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Table  VI. 
W=573.     Il  =  124-956.     c-. 


:  1-087. 


Vapour- 

Air- 

Vapour- 

t. 

H. 

rected. 

\\. 

volume. 

V. 

volume. 
V. 

0. 

pressure. 

o 

millims. 

millims. 

11-2 

-311 

283-1 

220-3 

214-45 

104-26 

134 

18 

-31-3 

283-32 

219-8 

214-4 

104-39 

138 

25-4 

-31-7 



283-75 

21905 

214-55 

104-31 

142 

26-6 

-31-7 

283-75 

219 

214-5 

104-41 

143 

34-3 

-31-9 

283-97 

218-5 

2144 

104-06 

147 

38-2 

-32- 1 

28419 

218-1 

214-5 

104-56 

149 

44-8 

-32-35 

284-46 

2176 

2145 

104-61 

153 

55 

-32-6 

281-;3 

216-9 

214-35 

104-88 

159 

57-2 

-32-7 

284-84 

216-7 

214-4 

104-83 

160 

59-2 

-.327 

284-84 

216-6 

214-3 

104-98 

161 

64-9 

-33 

285-16 

216-2 

2144 

104-89!      164 

80-4 

-332 

285-38 

215-2 

213-8 

105-56!      173 

89 

-336 

285-82 

214-45 

214-1 

105-25       178 

Tabl 

E  VII. 

w,= 

=  1110.     W  =  1251. 

Il  =  23( 

)-241. 

c= 2-408. 

12-6 

+7-3 

593-52 

515-5 

451-4 

27611 

153 

18 

7-4 

593-28 

515-3 

450-6 

276-40 

156 

19-8 

7-4 

593-28 

25-8 

7-55 

7-5 

59304 

302 

7-45 

7-5 

5!)304 

5145 

449-25 

276-40 

163 

32-2 

7-55 

7-5 

593-04 

421 

7-55 

592-92 

53-5 

77 

592-56 

56-3 

7C> 

7-7 

592-56 

512-9 

446-4 

276-53 

178 

57-5 

7-7 

592-56 

74-6 

7-8 

592-32 

7«-3 

7-9 

7-8 

592-32 

511-6 

4443 

276-54 

189 

87-6 

7-85 

5922 

94-7 

7-85 

592-2 

510-3 

442-4 

276-47 

199 

Table 

VIII. 

w. 

=  1023-7.     W=11C{ 

).   11= 

209-6. 

c=2-76. 

y-3 

+  15  2 

529-6 

493-45 

392-5 

290-07 

166 

19-7 

15-25 

629-46 

49285 

391-4 

289-61 

172 

24  6 

15-3 

529-32 

28-7 

15-3 

52!l-32 

492-35 

390-5 

289-23 

177 

34 

15-3 

52932 

35-5 

15-4 

52!>05 

433 

15  5 

528-77 

491-9 

;i88-fi 

289-42 

186 

601 

1565 

15-6 

528-5 

.•js-e 

15-65 

15-6 

528-5 

491-4 

387-4 

289-34i      192      | 

64-2 

15-8 

527-94 

65-2 

15-8 

527'91 

4912 

385-8 

289-81 

199 

79-3 

15-95 



527-53 

490-6 

1 

384-1 

289-83 

208 
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Table  IX. 
W2= 386-4.    W=404.     R=:  146-78.     c= 0-743. 


16-6 

28-3 

397 

49-2 

57 

65-8 

765 


H  cor- 
rected. 


millims. 

-  2-4 

-  2-4 

-  23 

-  2-2 

-  2  2 

-  21 

-  2 


W, 


231-231 
231-23 
231-15, 
231-08! 
23108! 
231  01  j 
230-86 


Vapour- 
volume. 

V. 

Air- 
volume. 
V. 

154-6 
154-25 

213-3 
213 

153-7 

212-4 

153 

211-G 

10510 


Vapour- 
pressure. 
P- 


millims. 

197 
205 


105  141 
105-16      220 


105-25 


240 


Table  X. 
W^=525-4.     W=576.     R  =  134-187.     c  =  l-02. 


17-6 

25-2 

25-6 

32 

34-8 

45 

45  2 

48-5 

55-5 

67-5 

77-7 


+  7-3 
7-2 
7-3 
7-25 
7-15 
7-2 
7-25 
7-25 
7-3 
7-4 
7-3 


7-26 
7-26 
7-26 
7-26 
7-26 
7-26 
7-2Q 
7-26 
7-26 
7-26 
7-26 


250-9 

273-9 

199-5 

191-07 

2509 

273-7 

19915 

191-07 

2509 

250-9 

250-9 

250-9 

250-9 

273 

198-2 

191-06 

250-9 

250-9 

250-9 

250-9 

271-95 

196-7 

191-15 

208 


223 


W2=281-4. 


Table  XI. 
W=367.     11  =  181-432.     c=0-903. 


16-6 

■\-  4-8 

28-3 

5 

39-7 

5-1 

49-2 

515 

53-5 

5-05 

57 

5-15 

65-8 

5-2 

71-2 

5  3 

76-5 

5  2 

5-15 


5-25 


1200-71' 
200-53 
1200-45! 
j  200-4 
I  200-4 
200-4 
'  200-35 
;  200-31 


180-2 
180-1 
179-9 
179-7 

1795 
179-3 


5-25      200-31     179 


21475 
214-35 
214 
213-8 

213-6 
213-4 


155-23 
155-43 
155-45 
155-37 

155-27 
155-19 


,250 

2(i0 
'270 

[278 

'285 
293 


213-1   155-09  1 303 


W,=  1029-7. 


Table  XII. 
W=1149.     R  =  509-402.     c= 2-452. 


36-6 

-fl2-7 

45 

12-8    1 

51 

128 

55 

12-9 

63 

13      1 

703 

13       1 

78-6 

13-2 

564-35 
1564  1 
564-1 
563-85 
563-fil 
563-61 
36312 


462-5 
462-1 

461-6 

460-7 
460-1 


4421 
441-2 

4401 

438-6 
437-5 


551-88      369 
552-13      380 


552-44 

55265 
553-59 
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Table  XIII. 
Wo=574.    W=:621.     Il  =  175-824.     c=l-166. 


Vapour- 

Air- 

Vapour- 

t. 

H. 

rected. 

W, 

volume. 

V. 

volume. 
V. 

<j>. 

pressure. 

0 

millims. 

30-6 

+  94-4  'saturated. 

millims. 

33 

still  quite 

saturated. 

3G-6 

+  105-9 

183-5 

389-8 

1341 

644-41;       512 

45-2 

10b--2 

183-15 

390 

133-2 

644-96;       526 

55-6 

106-6 

182-7 

31)0-25 

132-1 

646-02       544 

64-6 

106-9 



182-33 

390-45 

131-1 

647-28       560 

67-4 

1069 

1 82-33 

390-4 

130-9 

646-98        564 

79-4  1       107-3 

181-9 

390-6 

129-7 

648-40       583 

Table  XIV. 

W2=730 

■1.     AY= 

864.     11  =  441-582.     c 

=  1-527. 

516 

+  24-85 

338 

389-9 

200-1 

89028 

741 

61 

24-!> 

337-92 

389-5 

199-3 

892-04 

765 

7-2 

25-05 

337-7 

389-3 

198-2 

895-61 

794 

80-7 

25-2 

337-47 

389-1 

197-3 

89857 

817 

Table  XV. 

W2=391 

•9.     W= 

316.     R  =  537-183.     c 

^0-853. 

54-3 

+  6-9 

155-74 

23515 

230-6 

552-74 

769 

63 

71 

155-57 

23515 

230-25 

553-58 

791 

704 

7-3 

155  4 

235-2 

229-9 

55r)-5ti 

810 

80-2 

745 

155-27 

235-1 

229-6 

555-01 

834 

901 

7-55 

155-19 

235 

229-3 

555-43 

858 

Table  XVI. 

W2=5 

70.     W  = 

:447.     R= 766-94.     c= 

=  1-168. 

55-8 

+65-5  j 
65-7 

just  above 
saturation. 

\  143-48 
143-25 

425-85 

264-2 

1321-03 

1020 

62 

426 

2637 

1322  52 

1010 

7)  5 

66 

142  9 

426-2 

263 

1324-45 

1061 

74-.'; 

66 

142-9 

426-2 

262-85 

1324  51 

1080 

882 

66-4 

142-43 

426-6 

261-8 

1327-83 

1125 
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Table  XVII. 
W^=719-6.     W=759.     11  =  1709-13.     c=l-656. 


H. 


H  corrected. 


W,. 


Vapour- 
volume. 


Air- 

Tolutne. 

V. 


Vapour- 
pressure. 
P- 


millims. 

70-8 

+  10-3 

717 

1305 

77-5 

1305 

836 

13-45 

U 

13-35 

89-5 

135 

961 

13-9 

covered. 

without   "1 
a  breath,  j 

41018    305-4 

1 

367-5 

410-181    305 

367-2 

13-4 

409-6 

305  3 

366-4 

13-4 

409-6 

409-44    3051 

365-9 

408-77|    305-4 

364-9 

1431-88 


millims. 
1616 


1430-97|  1644 

143559  1677 

1436-49,  1706 

1447-93  1743 


Table  XVIII. 
W2=669.    W=724     R  =  1525-47.     c=  1-525. 


83-6 

+76-8 

84-4 

78-6 

84-9 

78-6 

87-6 

78-55 

89-5 

78-6 

90-8 

78-6 

96-8 

78-6 

97-3 

78-6 

I  strongly 
\  covered. 


78-6 


306 

359-7 

246 

2309-63 

306 

306 

306 

3595 

245-7 

2309-97 

306 

359-4 

245-6 

2309-95 

306 

306 

359-2 

245-2 

2310-95 

2295 


2329 
2338 

2382 


W,  =  425. 


Table  XIX. 
W=487.     11  =  874-93.     c  =  0-938. 


88     I  -1-73-7 


89 

91-2 

98 


76-75 

76-8 

771 


strongly 
covered 

at  the  top. 

193-45 

229-3 

127-6 

1620  89 

193-4 

2293 

127-5 

1621-86 

19312 

229-46 

126  92 

1629-48 

2559 
2.>76 
2635 


The  preceding  Tables  show  that  in  the  individual  series  of  ob- 
servations the  vapour-volumes  were  approximately  constant. 
Heated  in  these  constant  spaces,  the  vapour  shows  for  the  lower 
pressures,  up  to  about  300  millims.,  constant  values  of  (^,  while 
for  higher  pressures  0  increases  in  a  alight  degree  with  rising 
temperature;  but  in  these  cases  the  augmentation  of  0  is  de- 
cidedly spread  uniforudy  over  the  whole  interval  of  the  set  of 
observations,  and  is  by  no  means  more  prominent  in  the  first 
degrees  of  the  superheating.  In  several  series  it  is  evident  that 
immediately  from  still  observed  saturation  onwards,  only  just 
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this  small  alteration  of  <^  makes  its  appearance.  The  following 
Table  gives  the  variations  of  (^  in  percentages  of  the  then  sub- 
sisting value  of  0  for  the  lowest  temperature.  The  variations 
are  taken  from  the  temperature-  and  respective  pressure-inter- 
vals, and  are  calculated  for   10°  of  further  heating.     In  some 

cases,  in  which  somewhat  different  values  of  -^  appeared  to  re- 
sult for  the  first  part  of  the  observations,  the  same  expression 

100     lOAcfe  1    ,      T  ,     P       1  • 

-J—  •      .    •    was   calculated  separately  lor  this  part,  and  the 

numbers  are  enclosed  in  brackets  in  the  Table.  But  it  will  be 
seen  that  in  four  instances  out  of  the  five  this  value  is  smaller 
than  that  derived  from  the  entire  interval  of  the  observations  ; 
so  that  the  above  assertion  can  decidedly  be  maintained.  If  in 
isolated  places  a  value  of  H  different  by  0*1  millim.  were  taken 
(and  that,  according  to  what  has  been  said,  must  be  conceived  to 
be  the  limit  of  the  errors  of  observation  here  possible),  the  course 
of  the  values  of  ^  would  appear  perfectly  regular  iu  the  given 
direction. 

Table  XX. 


Limits  of 

100    1OA0 

Limits  of  pressure. 

temperature. 

0          At 

millims. 

0              0 

12a-  149 

27-2-88-2 

0 

lai-  178 

112-89 

+012 

l.-)3-  199 

126-94-7 

0 

166-  208 

9-3-79-3 

0 

(  „  -  192 

„    -536 

-006) 

197-  2-10 

16-6-76-5 

0 

203-  216 

176-777 

0 

250-  ao3 

166-76-5 

0 

o69-  423 

36  6-786 

+  0-07 

(  „  -  411 

„   -703 

+  0-04) 

512-  .'■)83 

366-794 

+015 

741-  817 

51 -6-807 

+  0-32 

(  ,,  -  794 

„   -72 

+  0-29) 

769-  858 

54  3-90-1 

•     +0-14 

(  „  -  «io 

„    -70-4 

+  0-32) 

1020-1125 

55-8-88-2 

+  016 

1616-1713 

71  •7-961 

+  0  3 

(    „   -1706 

„    -89-5 

+  0-18) 

2295-2382 

84-4-97-3 

+  005 

2559-2635 

89    -98 

+0-59 

Before  further  discussing  the  results,  the  observations  on  the 
two  other  vapours  may  be  added.  On  the  first  of  these,  chlo- 
roform, from  the  small  (juantily  of  my  material,  I  could  only 
execute  four  scries.  The  numbers  are  contained  in  Tables 
XXI.-XXIV. 
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W^rr  659-4. 


Chloroform. 
Table  XXL 
W=673.     R  =  325-307. 


c  =  l-605. 


1 

Vapour- 

Air- 

Vapour- 

/. 

H. 

H  corrected. 

W,. 

volume. 

V. 

volume. 
V. 

<!>. 

pressure. 

millims. 

38 

+25-2 

1  decidedly 
J  saturated. 

41-2 

371 

42-2 

379 

r  still  a 
\  breath. 

milliras. 

42-9 

38 

clear. 

325-16 

332-4 

309-55 

389-33 

370 

45-3 

38-2 

3-24 -84 

332-6 

309-1 

389-95 

373 

48-8 

38-25 

324-76    332-5 

308-8 

389-80 

377-5 

r)8-« 

38-6 

324-2      332-/ 

307-85 

3!)0-29 

3S9 

l<i 

39 

323-56     332-9 

306-7 

3!)0-95 

403 

798 

39-25 

3-23  16    332-85 

305-8 

391-11 

415 

90 

39-65 

322-52    33305 

304-6 

39207 

427 

Table  XXII. 

W2=  438-6.     W=432.     R  =  606-982. 

c  =  l-275. 

62 

-  9-9 

saturated. 

63 

-  8-9 

258-39 

177-9 

263-7 

404-77 

765 

64 

-  8-9 

258-39 

177-9 

263-65 

404-86 

767 

681 

-  8-8 

258-26 

177-9 

263-45 

405-29 

777 

80-1 

-  8-4 

257-75 

177-95 

262  65 

407-01 

807 

90-1 

-  815 

257-43 

177-9 

262-1 

407-99 

833 

Table  XXIII. 

AV2=549-5.     W=494.     11=12 

31-89. 

c  =  l-259. 

73-8 

-20 

r  much  satu 

74-8 

-14-6 

(^     rated, 
''appear- 
ance of  a 

754 

-1125 

■I    Idcatli,    > 
but  un- 
certain.   , 

31311 

233-15 

36715 

774-75 

1158 

7.0 -9 

-11-05 

clear. 

31286 

233-4 

366-9 

776-26 

1160 

79-2 

-11 

312-8 

233-3 

366-75 

776-35 

1172 

949 

-10  3 

312  41 

233 

!    366 

1 

777-61 

1228 

Table  XXIV. 

W3=498.     W=485.     R  =  122( 

3-468. 

c  =  l-18. 

90 

+58-4 

saturated. 

91-6 

59 



251-61 

2433 

261-8 

1179-16 

1 767 

92-8 

59  05 

251-55 

24335 

261-7 

1179  75 

1773 

917 

59-2 



25137 

21345 

261-5 

1181-00 

1784 

97-3 

59-3 

251-25 

243-5 

261-3 

11S2-35 

1798 

98 

59-35 



251-19     243-5 

261-2 

1182-22 

1801 
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The  proportions  here  are  exactly  the  same  as  with  sulphide  of 
carbon.  The  followiug  Table  XXV.  corresponds  to  Table  XX. 
(for  sulphide  of  carbon) . 

Table  XXV. 


Limits  of  pressure. 

Limits  of  tempe- 
rature. 

100    1OA0 
<p         At 

millims. 

370-  427 

42-9-90 

+  0-15 

(  „  -  415 

„   -79-8 

+012) 

765-  833 

63   -91 

+0-29 

(  „  -  777 

„   -68- 1 

+0-25) 

1158-1228 

75-4-94-9 

+0-2 

(1160-   „ 

75-9-  „ 

+0-09) 

1767-1801 

91-6-98 

+0-4 

"With  respect  to  the  variation  shown  by  the  two  numbers 
taken  from  Table  XXIIL,  the  remark  there  made  in  the  column 
"  H  corrected  "  may  serve  to  explain  it. 

Things  assume  a  different  form  with  alcohol ;  for  here  pheno- 
mena of  adhesion  are  very  distinctly  recognizable.  For  example, 
the  following  are  the  numbers,  arranged  in  the  order  of  time,  of 
one  series  of  observations,  together  with  the  notes  taken  from 
my  journal : — 

Table  XXVI. 


t. 

11. 

98-5 
95-8 

millims, 
-265 
-2-85 

At  95°,  on    the    alcohol   side    a    very  feeble    breath    seems 
already  to  form  on  the  glass,  of  condensed  particles  of  vapour. 


millims. 

929 

-315 

90 

-3-65 

88-2 

—  7-1  decidedly  saturated. 

90-1 

-3-.')5 

93-2 

-3-25 

During  the  heating  from  90"-l  to  03'"'*2  a  narrow  dull  ring  is 
seen  to  liave  formed  round  the  uj)|)('rniost  layers  of  the  mercury 
on  the  alcohol  side,  ])rocecding  from  vapour-jjartieles  ])recipi- 
tated  during  the  i)rcvious  cooling  from  *J5"  to  DO",  which  are 
still  retained.  During  the  continued  heating,  gradually  larger 
vesicles  of  vapour  are  seen  to  form  there,  consequently  below 
the  level  of  the  mercury. 
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millims. 

95  1 

-2-95 

971 

-295 

97-6 

-2-95 

There  is  now  evidently  a  somewhat  smaller  quantity  of  vapour 
in  action  than  at  the  commencement  of  the  experiments  ;  and 
this  is  recognizable  in  the  feebler  tension  of  tlie  vapour. 

The  influence  of  this  adhesion  shou's  itself  also  in  the  series 
of  the  following  Tables  for  alcohol.  I  have  on  each  occasion 
been  able  to  convince  myself  of  this  by  simply  observing  the 
tubes  narrowly :  to  a  practised  eye  the  difference  in  behaviour 
between  such  an  adhering  substance  and  one  that  does  not 
adhere,  in  the  vicinity  of  saturation  and  in  the  transition  to  sa- 
turation, is  not  to  be  mistaken.  It  only  remains  surprising  that 
in  my  earlier  investigations  I  found  alcohol  not  to  be  one  of 
the  number  of  adhering  substances.  It  may,  however,  be  re- 
marked that  then  and  now  I  investigated  two  different  prepara- 
tions, and  it  is  quite  conceivable  that  the  slightest  shade  of  differ- 
ence in  preparing  the  material  may  call  forth  this  property. 
Tables  XXVII.-XXXIII.  contain  the  observations  on 


W2=597-l. 


AlcoJiol. 
Table  XXVII. 
W  =  668.     11  =  51-465. 


c=  1-2545. 


!                      1 

i                      1 

Vapour-       Air- 

Vapour- 

/.           II.      [H corrected.!    \V,. 

volume,     volume. 

9- 

pressure. 

1 

».             V.     . 

P- 

0 

20 

r  considerable  nega- 

\     live  II.                 I 

362 

+39  7 

saturated. 

38 

451 

39-5 

48-7 

niillims. 

43 

52-3 

277-98 

317-6 

204-7  . 

132-41 

132 

52-5 

53-5 

276-48 

318-75 

202  6  . 

133-36 

136 

615 

55-6 

273-85 

321 

199-3 

135-77 

143 

825 

56-4 

27285 

321-35 

197-2 

.  135-84 

149 

Table  : 

^XVIII. 

A 

V2=700-5.     W  =  7G1. 

11  =  299-388. 

c=l-6 

33. 

546 

negative. 

r  much  sa- 
\  turation. 

58-6 

+7-5 

381-59 

3159 

3181 

304-46 

320 

60 

7-8 

381 

310-3 

317-6 

305-57 

322 

67-3 

8-4 

!  38012 

;    316-9 

316  15 

307-72 

330 

70-5 

8-4 

3S012 

78-2 

8-7 

37963 

316  85 

3151 

308-90 

342 

88 

8-!> 

3793 

316-6 

3142 

309-38 

1     353 

921 

8-8 

8-9          379-3 

98 

8-9 

3793 

3161 

1 

313-7 

309-26 

363 
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Table  XXIX. 


A^ 

2=708- 

5.      W  = 

404. 

R= 1143-34. 

c=  1-706. 

Vapour- 

Air-      ;                 ;  Vapour- 

t. 

H.       H  corrected. 

w,. 

rolume, 

volume.  !      (p.       i  pressure. 

V. 

V. 

P- 

milliras.  | 

77-9 

+   1 

covered. 

78-8 

4-5 

r  covered. 
\  a  trace. 

millims. 

79-5 

8-1 

227-44    47915  | 

530-75 

1039-12 

764 

801 

5 

5-1 

227-44 

807 

5-2 

22727 

479-3 

530-55 

1039-94       767-5    1 

82 

5-4 

226-93     479-6 

530-2      1041-52  '     771 

84-4 

5-8 

226-25     480-25 

529-5      1044-79       777 

86 

59 

226  08 1 

87 

61 

22573,    4807 

528-9       1047-29 

784 

88-3 

6-3 

225-39 

90 

64 

225-22:    481-15 

528-3      1049-78 

792 

925 

68 

224-54; 

93 

6-8 

224-54     481-8 

527-6 

105304       800 

96-4 

705 

224-11; 

98 

715 

223-94    482-25 

1 

526-9 

1055-74       812 

Table  XXX. 

^2=  621-2.     W=401.     R  =  846-97.     c=  1-479. 

78-7 

+  14-3      saturated. 

1 

79-2 

15  9            do. 

1 

795 

scarcely  a  breath. 

1 

80-3 

16  55 



;  174-99 

4449 

3931 

979-42 

7r8 

80-8 

16-45 

16-55 

1174  99 

82 

1675 

1174  69 

445-15 

392-75 

98097 

7S2 

83 

16B5 

|1744 

4454 

392-4 

982-57 

785 

84-8 

17 

174-32 

86 

172 



174-03 

445-65 

392 

984-24 

793 

87-4 

17-2 

174-03 

88-9 

17-6 

173-44 

446-3 

3913 

98772 

801 

907 

17  8 



17314 

4466 

39095 

989-39 

805 

938 

18 

172  84 

446-8 

1    39055 

990-89 

813 

97-2 

18  2 

172-55 

4471 

:    390-2     1    992-45 

826 

Table  XXXI. 

W2= 597-1.     ^V  =  635.     11=809-819.     c= 1-388. 

81-5 

-56-2 

saturated. 

1 

1 

82  1 

-54-8 

372-3.^ 

220-4 

331-7 

50410 

812 

82-4 

1  -548 

372-3i 

83 

-54  36 

1 

371-7: 

1 

84-4 

-54-36 

371-7: 

1    220-9 

331-0i> 

506-79 

820 

87-4 

-541 



371-3^ 

i    221-1 

3306 

508-42 

H29 

89-3 

-539 

1  371-1 

221-3 

330-2 

509-84 

835 

91-8 

-63  8 

370-9( 

.    221-3 

3;.o 

510-45 

841 

97-7 

-536 

370Ct 

5    221-2 

3294 

51185 

858 
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Table  XXXII. 


W2=G85.     W=400.     E 

=  1023-76.     C-- 

=  1-515. 

Vapour- 

Air- 

1 

1 

Vapour- 

t. 

11. 

11  corrected. 

W, 

volume. 

V. 

volume. 
V. 

^. 

pressure. 

millims. 

80-8 

+  127 

r  much  satu- 
1      rated. 

825 

20-3       still  a  trace.  | 

83 

212 

doubtful. 

millims. 

830 

219 

not  a  breath. 

175-2 

508-5 

458-2 

1167-37 

819 

84 

21-9 

175  2 

508-5 

458-15 

1167-46 

820 

89-5 

22-4 

174-44 

509-2 

457-25 

1171-54 

8^4 

961 

23-3 

17308 

510-5 

455-7 

1179-10 

}<53 

Table  XXXIII 

^ 

w 

^2=597-1.     W=635.     R= 809-849.     c= 1-388 

• 

88-2 

-71 

saturated. 

90 

-  3-65 

299-57 

293-95 

257-5 

921-53 

1138 

901 

-  3-55 

299-43 

294-05 

257-35 

922-46 

1139 

92-9 

-  3-15 

-32 

298-95 

294-5 

26675 

926-34 

1151 

932 

-  3-25 

-32 

298-95 

95-8 

-  2-85 

^  measured  . 
■    during    -< 
^    cooling.    '■ 
"1  measured  (" 

298-40;    294-8 

256-1 

92995 

l]^:3 

98-5 

-  2-65 

298-1? 

295 

255-7 

932-21 

1174 

951 

-  2-95 

298-6 

294-7 

256-3 

928-82 

1160 

971 

-  2  95 

\    during    < 

298-6 

97-6 

-  2-95 

J   heating.    (_ 

298-6 

294-7 

256-15 

929-38 

1169 

The  values  for  -^-^  •  ^^  are  given  in  Table  XXXIV. 

(p         At  ^ 

Table  XXXIV. 


Limits  of  pressm-e. 

Limits  of  tempe- 
rature. 

100    lOA^ 
f        At 

millims. 

132-  149 

43    -82  5 

4-0-47 

320-  303 

58-6-9S 

+  0-4 

(  ,.  -  330 

„   -673 

+  1-2) 

(330-  363 

67-3-98 

+  0-16) 

(342-  363 

78-2-98 

0) 

764-  812 

79-5  98 

+  09 

778-  826 

80-3-97-2 

+  08 

(785-     ., 

83    -  „ 

+  0-7 

812-  858 

82-1-97-7 

+  099 

(835-     „ 

8!)-3-  „ 

+  0-47) 

819-  853 

83-6-96  I 

+  0-8 

Ii;i8-n74 

90    -98^-5 

+  1-36 

(1151-   „ 

92-9-  „ 

+  1-13) 

2E2 
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From  a  comparison  of  the  numbers  in  brackets  in  this  Table 
with  the  numbers  standing  above  each  (which  correspond  to  a 
series  of  observations)  it  is  obvious  that  the  behaviour  of  alcohol 
vapour  totally  differs  from  that  of  the  two  other  vapours  studied. 

The  values  of  —j,  near  saturation,  are  decidedly  greater  for  the 

first  degrees  of  further  heating,  in  consequence  of  adhesion ;  for 
the  higher  intervals  of  temperature  they  partially  become  consi- 
derably smaller.  We  see  further  that  even  in  the  little  pressures 
between  132  and  1-19  millims.,  where  in  my  earlier  investiga- 
tions*! found  the  vapour  still  entirely  in  the  gaseous  state,  a 

high  positive  value  of  -—-  is  shown.  The  phenomena  of  ad- 
hesion, therefore,  here  completely  mask  the  behaviour  of  the 
vapour. 

On  this  account,  in  our  further  discussion  of  the  results  ob- 
tained, the  alcohol  numbers  must  be  altogether  neglected. 
Where  adhesion  comes  into  play,  there  we  have  to  do  with  va- 
riable quantities  of  vapour,  and  therefore  with  ratios  utterly  im- 
possible to  calculate. 

This  leads  us  to  a  remark  upon  the  investigation  of  steam  (in 
the  same  direction)  by  Fairbairn  and  Tate.  These  experimen- 
ters, when  experimenting  on  the  specific  volumes  of  steam  from 
the  lowest  point  of  saturation  upwardsf,  preferred  small  incre- 
ments of  heat  (a  few  degrees  Fahrenheit),  and  believed  they  had 
found  coefficients  of  expansion  of  considerable  magnitude;  but 
in  a  subsequent  memoir  J  they  traced  the  relations  more  accu- 
rately, since  even  to  themselves  the  previous  results  did  not  ap- 
pear sufficiently  reliable. 

They  thus  arrived  at  this  result — tliat,  from  the  limit  of  satu- 
ration, steam  heated  within  a  s])acc  of  constant  dimensions  exhi- 
bits for  the  first  two  degrees  a  considerably  higher  coefficient  of 
expansion  than  air,  while  from  that  point  upwards  the  coefficient 
is  the  same  for  steam  and  for  air.  Translated  into  my  formula 
of  calculation,  this  would  signify  that  0  increases  considerably 
with  the  temperature  for  the  first  degrees,  and  then  becomes 
constant.  I  will  leave  out  of  consideration  the  fact  that  the 
s(;cond  part  of  this  j)n)])Osition  is  not  strictly  the  cxjjression  of 
their  observations,  and  merely  point  out,  with  respect  to  the  first 
part,  that  in  their  experiments  the  initial  pressures  of  the  steam 
amounted  to  less  than  half  an  atmosphere.  This  corresponds  to 
initial  temperatures  of  at  most  a  few  more  than  70  degrees 
Celsius;  and  at  such  temperatures,  according  to  my  earlier  ex- 

•  Po"g.  Ann.  vol.  cxxxvii.  p.  28.  f  riiil.  Trans.  18(10,  p.  185. 

X  Pliil.  Trans.  l8G->,  p.  W)I. 
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periments  on  steam*,  adhesion  always  comes  into  play.  Fair- 
bairn  and  Tate's  result  is  therefore  itself  quite  intelligible,  but 
throws  no  light  upon  the  exact  behaviour  of  steam.  ^Moreover 
these  experimenters  would  not  possibly,  by  their  method,  have 
attained  any  results  even  for  not  adhering  vapours  ;  for  they  fall 
into  the  oft  committed  and  as  often  exposed  error  of  having  the 
upper  part  of  the  pressure-measuring  mercury  column  in  the 
heated  bath,  and  the  lower  part  in  the  temperature  of  the  room. 

§5. 
Confining  ourselves,  then,  to  the  consideration  of  the  values  of 

-^  found  for  sulphide  of  carbon  and  chloroform,  these  hold,  as 

we  have  said,  for  an  approximately  constant  vapour-space.     Now 

with  low  pressures  the  quotient  -—■  appears  =0;  that  is,  there 

the  superheated  vapour  experiences  exactly  the  same  pressure- 
expansion  for  constant  volume  as  does  the  dry  air  with  which 
it  was  compared.  Hence  the  question  mentioned  at  the  com- 
mencement, and  started  by  my  earlier  experiments,  is  now  de- 
cided thus — that  the  superheated  vaj)our  under  small  pres- 
sures can  certainly  possess  smaller  coefficients  of  expansion  for 
constant  volume  than  0'003663,  so  far  as  such  smaller  coefficients 
can  belong  also  to  dry  air,  but  that  a  still  smaller  expansion  of 
vapour  is  not  to  be  admitted.  According  to  Eegnaultt,  how- 
ever, dry  air  under  these  small  pressures  shows  decidedly 
smaller  coefficients  than  0003663 — for  exauiple,  with  an  initial 
pressure  of  110  millims.  the  value  0*003648;  so  that  my 
former  results  (which  were  directed  only  to  comparison  with 
the  number  0'003663)  are  certainly  hereby  confirmed,  and  at 
the  same  time  have  the  limits  of  their  validity  prescribed  in  the 
behaviour  of  dry  air. 

For  higher  pressures  (that  is,  where  at  the  boundary  of  satu- 
ration, according  to  my  former  experiments,  vapour  shows  a 
considerable  departure    from    the  gaseous   state)  the  quotient 

-ry  obtains  truly  a  small,  but  yet  an  undeniable  positive  value. 

Consequently  the  pressure-expansion  of  vapour  contained  within 
a  constant  volume  is  there  greater  than  that  of  dry  air;  and 
indeed  wc  shall  not  be  wrong  if  we  suppose  that,  the  greater 
the   vapour-pressure  becomes,  so  much  greater  is  the  positive 

value  of  -ry'     This  is  sufficiently  indicated  by  Tables  XX.  and 

*  Pogg.  Ann.  vol.  cxxxvii.  p.  602. 
t  iWm.  de  I' Acad.  vol.  xxi.  p.  1 10. 
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XXV. ;  and  with  this  my  earlier  experiments  are  in  accord  :  it 

must  be  remembered  that  the  variations  of  vapour-density  there 
found  are^  in  their  significance,  inversely  proportional  to  the 
variations  of  (j)  which  we  bave  now  obtained. 

It  results  further  from  the  present  observations  (which  often 
extended  over  a  wide  interval)  that  this  sligbt  variation  of  (j>  is 
by  no  means  confined  to  the  first  two  degrees  of  superheating 
above  the  point  of  saturation,  but  is,  on  the  average,  uniformly 
distributed  over  the  entire  interval.  Of  course  this  is  to  be 
understood  thus — that  the  gradual  transition  of  cf)  to  its  constant 
maximum  value,  the  occurrence  of  which  when  the  heating  is 
continued  within  a  constant  space  has  just  been  made  certain 
by  our  present  experiments,  only  ensues  very  slowly.     It  is  true 

that  the  positive  value  of  -^  will  diminish  and  finally  become 

nil,  but  the  latter  only  with  a  very  extreme  degree  of  super- 
heating. 

The  lower  limit  to  which  the  superheating  must  certainly  be 
carried,  in  order  to  arrive  at  constant  values  of  cj),  can  be  ap- 
proximately fixed.  For  example,  for  a  temperature  of  saturation 
of  90°,  according  to  my  previous  formula  the  purely  saturated 
vapour  would  have  a  density  equal  to  0"0595  v'xJZS  +  QO  or  1*13 
the  constant  density  finally  attained  in  the  gaseous  state.  It 
is  true  that,  for  sulphide  of  carbon  and  chloroform,  this  formula 
was  not  pursued  quite  up  to  that  temperature ;  but  at  50*^  the 
ratio  1'07  was  directly  found;  so  that,  according  to  all  the  ex- 
perience then  acquired,  the  above  number  for  90°  is  certainly 
not  far  from  correct.  Accordingly,  for  purely  saturated  vapour, 
the  value  of  the  function  (f>  would  be  less  than  the  constant  value 
to  which  <ji  continually  more  and  more  approaches,  in  the  ratio 
of  1  :  1*13.  If  now  such  vapour  is  heated  in  a  constant  volume, 
for  every  10  degrees  of  superheating  (f>  increases  at  the  com- 
mencement, according  to  Tables  XX.  and  XXV.,  to  about  1*004  of 

its  value.     And  since  the  value  of   /^-,  in  accordance  with  what 

has  been  observed,  must  subsequently  become  smaller,  we  may 
therefore  say  that,  in  order  to  attain  the  final  constant  value  of 

130 

<^,  a  superheating  of  more  than  — j-  .  10  degrees,  or  more  than 

325°,  is  here  required. 

In  like  manner  for  an  extreme  temperature  of  50°,  at  which 
the  total  deviation  of  0  amounts  to  1*07  its  final  value.  Ta- 
bles XX.  and  XXV.  indicate  on  the  average  an  initial  increase  of 

-r—  to  1"002  for  10°  supcrlicating.     In  this  case,  therefore,  for 
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the  attainment  of  the  gaseous  state  a  greater  superheating  is 

70 
required  than  -^  .  10  or  350°. 

"We  thus  see  that,  wherever  a  sensible  deviation  of  purely 
saturated  vapour  from  the  gaseous  state  has  place,  a  very  con- 
siderable elevation  of  temperature  is  necessary  in  order  by  super- 
heating in  constant  volume  to  make  it  pass  into  the  gaseous 
condition. 

For  practical  application  we  hence  obtain  the  not  unimportant 
result,  that,  at  least  so  long  as  the  limits  of  these  experiments 
are  not  exceeded  (therefore  to  about  4  atmospheres  pressure) , 
only  trifling  errors  are  entailedby  putting  the  coefficient  of  pres- 
sure-expansion for  a  constant  volume  simply  equal  to  the  coeffi- 
cient of  expansion  of  air,  provided  the  limitsof  the  temperatures 
under  consideration  are  not  too  wide,  say  not  more  than  50°. 

For  the  theoretical  side  of  the  question,  however,  such  a  tri- 
fling augmentation  of  ^  is  perfectly  sufficient  to  cause  the  pro- 
portions to  appear  quite  different  from  what  they  would  be  with 
0  constant.  To  see  this  it  is  best  to  keep  in  view  the  two  di- 
rections in  which  I  have  followed  the  variability  of  the  vapour- 
densities.  The  earlier  experiments  give  the  variableness  which 
occurs  when  at  a  constant  temperature  the  vapour  expands  its 
volume ;  the  present  when,  the  volume  remaining  constant,  the 
temperature  is  raised.  In  both  ways  the  gaseous  state  is  gra- 
dually reached.  Now  in  the  latter  this  takes  place  with  singular 
slowness.  Nevertheless  we  can  as  yet  only  say  further  that,  in 
the  cases  discussed,  fully  twice  the  absolute  temperature  of  the 
vapour  is  necessary.  Looking  at  the  variations  occurring  when 
the  first  way  is  taken,  my  earlier  experiments  show  that  in  indi- 
vidual cases  an  increase  of  the  volume  to  four  or  five  times  may 
be  required  in  order  to  attain  the  gaseous  state. 

Accordingly,  if  in 

;;y=<^  (273  +  0 
we  regard  ^  as  a  function  of  v  and  /,  we  have  the  partial  differ- 
ential quotients  {-j-)  for  constant  temperature  and  \^]  for 
constant  volume  to  be  equally  taken  account  of,  and  must  not 

neglect  the  latter  on  account  of  the  small  values  of  -r-^  which 
°  Lt 

have  been  obtained. 

Lastly,  the  numerical  value  of  the  coefficient  of  pressure-ex- 
pansion of  vapours,  which  is  not  so  directly  to  be  learned  from 
the  variations  of  0,  may  be  fixed,  and  compared  with  the  num- 
bers given  by  Regnault  for  gases,  in  order  to  obtain  points  of 
sujjport  on  this  side  also.     For  the  coefficient  of  pressure-expan- 
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sion  with  constant  volume  we  have  the  well-known  general 
formula 


V 


-©.: 


NoWj  from  the  formula  introduced  for  vapours 
we  obtain  for  constant  volume 


fdp\  _  273 +  t/'d(f)\       ^ 
\dt)„~       V      ydt),7 

Therefore  for  vapours 

^  dt  J„ 


(2-3  +  0f#)+* 


that  isj  considering  that  ^;i,"=:^  (2734-/), 

When  r~)  =0,  this  value  becomes  -^~  =0-003663;  for 

positive  quotients  of  ( -^j  it  is  greater.      Putting,  for  example, 

t  =  dO°,  and,    as  before,   -  ( ir)  =0-0004  (corresponding  to 

Tables  XX.  and  XXV.,  of  which  the  values  — ; -~   arc  now 

to  be  divided  by  1000),  we  get 

1+0-1152 
«=i773-o-1452T90=^^^^'^" 

Under  a  pressure  of  about  three  atmospheres,  to  which  in  the 
case  of  sulphide  of  carbon  this  number  would  belong,  llcg- 
nault*  finds  for  carbonic  acid  the  cocfiicicnt  of  pressure-expan- 
sion   0-0038.       For   carbonic   acid,  according  to  the  formula 

*   Mem.  dc  I' Acad.  vol.  x\i.  p.  112. 
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(equivalent  to  the  above) 

]_(d<^\  _        273a- 1 

putting  «= 0*0038,  we  should  obtain 


l(f)=0.00008. 


or,  corresponding  to  the  values  of  the  Tables, 

j)        At 

Accordingly  sulphide  of  carbon  shows  in  this  case  only  about 
five  times  the  variableness  of  vapour-density  shown  by  carbonic 
acid  gas. 

Similarly,  for  the  temperature  of  50°,  using  the  mean  values 
of  the  Tables  for  this  temperature 

100    10A<^_ 

with  sulphide  of  carbon 

«  =  0-00395. 

We  see  that  in  all  there  are  perfectly  comparable  deviations 
from  the  gaseous  laws  to  which,  in  this  direction,  sulphide  of 
carbon  and  carbonic  acid  are  subject. 

On  the  second  coefficient  to  be  mentioned  in  connexion  with 
vapours,  viz.  the  coefficient  of  space-expansion  with  constant 
pressure,  after  the  present  results  at  least  something  general 
must  be  said.     Tor  it  the  general  formula  holds  :— 

idtj. 


pv=cfy{273  +  f) 

27S  +  ifd4>\ 
•^"^      <f>      \dt). 


which,  when 
becomes 


^       \dt  J  J, 

"When,  now,  from  a  determined  initial  point,  0  is  traced  for 
heating  in  constant  volume,  we  arrive  at  a  higher  linal  expres- 
sion with  the  final  temperature  than  when  we  reach  the  same 
temperature,  after  starting  from  the  same  pointy  under  constant 
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pressure.  With  constant  temperature,  however,  accordhig  to 
my  earlier  experiments,  ^  augments  as  the  pressure  diminishes. 
Consequently  for  the  same  limits  of  temperature 


Kelt  J p      \dt /„' 


Hence  the  value  of  «  is  universally  greater  for  constant  pres- 
sure than  for  constant  volume. 

Phj'sical  Laboratory  of  the  Polytechnic, 
Aachen,  June  5,  18/2. 


LIII.  On  Duplex  Telegraph]/.  By  Oliver  Heaviside,  Great 
Northern  Telegraph  Company,  Newcastle- on-Tyne^. 
[With  a  Plate.] 
T^UPLEX  TELEGRAPHY,  the  art  of  telegraphing  simulta- 
-L'  neously  in  opposite  directions  on  the  same  wire,  which  was 
first  performed  by  Dr.  Gintl  in  1853,  and  subsequently  engaged 
the  attention  of  so  many  inventors,  until  lately  seemed  never 
likely  to  be  carried  out  in  practice  to  any  extent.  According  to  the 
very  practical  author  of '  Practical  Telegraphy,^  "  this  system  has 
not  been  found  of  practical  advantage/'  and  if  we  may  believe 
another  writer,  the  s^-stems  he  describes  "  must  be  looked  upon  as 
little  more  than  featc  of  intellectual  gyranasticr — very  beautiful 
in  their  way,  but  qiito  useless  in  a  practical  point  of  view." 
However,  notwithstanding  these  unfavourable  reports  as  to  the 
practicability  of  duplex  telegraphy,  the  experience  of  the  last 
year  has  negatived  them  in  a  striking  manner,  and  made  the  so- 
called  "feats"  very  common-place  affairs.  Circuits  worked  on 
a  duplex  system  are  now  established  in  various  parts  of  the 
United  Kingdom — not  to  mention  the  United  States,  where  the 
resurrection  of  these  defunct  schemes  took  place — and  continue 
to  give  every  satisfaction.  There  seems  little  reason  to  doubt 
that  this  system  will  eventually  be  extended  to  all  circuits  of  not 
too  great  a  length,  between  the  terminal  points  of  which  there 
is  more  than  sufficient  traffic  for  a  single  wire  worked  in  the 
ordinary  manner — that  is  to  say,  only  one  station  working  at  a 
time. 

I  propose  in  this  paper  to  give  a  short  account  of  the  theory 
of  duplex  telegraphy  by  the  ])rincipal  metliods,  and  to  describe 
two  otiier  methods,  which  arc,  1  believe,  entirely  original. 

To  begin  at  the  beginning.  Prior  to  1853,  it  is  said  to  have 
been  the  current  belief  of  those  best  qualified  to  judge,  that  to 
send  two  messages  in  opjjosite  directions  at  the  same  time  on  a 

•  Communicated  by  the  Author. 
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single  wire  was  an  impossibility;  for  it  was  argued  that  the  two 
messages,  meeting,  would  get  mixed  up  and  neutralize  each  other 
more  or  less,  leaving  only  a  few  stray  dots  and  dashes  a?     irvi- 
vors  (after  the  manner  of  the  Kilkenny  cats,  who  devourtu  one 
another  and  only  left  their  tails  behind).     However,  Dr.  Gintl 
effectually  silenced  this  powerful  argument  by  going  and  doing  it. 
In  order  to  be  able  to  receive  messages  from  another  station, 
it  is  necessary  for  the  receiving  instrument  to  be  in  circuit  with 
the  line ;  and  in  order  to  send  to  another  station,  the  battery 
must  be  in  circuit.     Hence,  in  order  to  receive  and  send  at  the 
same  time,  both  the  sending  and  receiving  apparatus  must  be  in 
circuit  together.    This  can  be  arranged  by  making  one  continuous 
circuit  between  the  two  earths,  and  including  the  line  and  all  the 
apparatus  at  each  station.     But  if  nothing  further  were  done,  the 
receiving  instruments  would  be  worked  both  by  the  received  and 
sent  currents ;  and  if  both  stations  worked  at  once,  inextricable 
confusion  would  be  the  only  result.     Now,  evidently,  if  the  effect 
of  the  sent  currents  on  the  sending-station's  instrument  can  be 
neutralized,  the  "  feat "  is  accomplished.    There  are  many  ways  of 
doing  this.  Dr.  Gintl  surmounted  the  difficulty  in  what  was,  to  say 
the  least,  a  very  ingenious  manner,  although,  from  a  modern  point 
of  view,  it  was  decidedly  clumsy.     He  made  his  key,  while  being 
depressed  to  send  a  current  to  the  line  through  his  own  relay, 
at  the  same  time  close  a  local  circuit,  including  a  coil  of  wire 
outside  the  principal  coils  of  the  relay,  in  such  a  manner  that 
the  current  in  this  local  circuit  (which  contained  an  independent 
battery)  circulated  round  the  cores  of  the  electromagnets  in  the 
opposite  direction  to  the  current  going  out  to  the  line;  and  b}' 
placing  a  rheostat  in  this  local  circuit  he  was  able  to  vary  the 
strength  of  the  local  current,  so  that  the  effect  of  the  out-goino- 
current  on  the  relay  was  exactly  neutrahzed.     The  relay  then 
responded  only  to  currents  coming  from  the  opposite  station, 
which,  of  course,  passed  through  the  inner  coils  alone.     Did 
both  stations  depress  their  keys  simultaneously,  the  current  in 
the  batteries,  inner  coils,  and  the  line  was  that  due  to  both  bat- 
teries ;  but  in  each  relay  as  much  of  this  current  as  was  due  to 
the  corresponding  battery  was  neutralized  by  the  local  current. 
The  line-current  might  even  be  nothing,  which  would  happen  if 
each  station  had  equal  batteries  and  the  same  poles  to  earth. 
Then  the  rcUiys  would  be  worked  entirely  by  the  local  current. 
But  local  circuits  are  nuisances,  and  it  is  not  to  be  wondered 
at  that  this  method  of  Gintl's  never  came  into  practical  use. 
But  the  possibility  of  the   ''feaf   having  been  once  demon- 
strated, it  was  not  long  before  another  and  much  superior  me- 
thod was  introduced.     It  was  discovered  about  the  same  time  in 
1854.  by  Frischcu  and  Siemcns-llulskc,  and  may  be  called  the 
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differential  method.  It  is  represented  in  its  simplest  form  in 
Plate  VII.  fig.  1.  The  relay  at  each  station  is  wound  with  two 
coils  of  equal  length ;  and  the  connexions  with  the  battery  and 
the  line  are  made  in  the  same  manner  as  if  each  station  were 
taking  a  test  of  the  resistance  of  the  line  with  the  differential 
galvanometer.  The  resistance  r,  then,  at  station  A  equals  the 
whole  resistance  outside  station  A ;  and  ?•'  at  station  B  equals  the 
whole  resistance  outside  station  13.  Then^  when  the  battery  E 
is  in  circuit,  as  its  current  divides  equally  between  the  two  coils 
of  the  instrument  yy,  the  latter  is  uuaftected  ;  but  that  half  of 
the  current  which  passes  to  the  line  necessarily  influences  the 
instrument  (/'(/'  at  the  other  station,  since  the  whole  of  it  passes 
through  one  coil,  and  then  divides  between  the  other  coil  and 
the  battery  E'.  Thus  each  station  does  not  work  its  own  relay, 
but  only  that  of  the  opposite  station,  and  the  conditions  of  du- 
plex working  are  satisfied. 

It  is  upon  this  system  that  nearly  the  whole  of  the  existing 
methods  of  duplex  telegraphy  are  founded.  As  the  object  is  to 
prevent  out-going  currents  from  working  the  sending-station's 
instrument,  it  is  plain  that  there  may  be  m.any  modifications 
having  foi*  object  the  easier  production  of  balances  under  differ- 
ent circumstances — as  by  varying  the  distance  of  one  or  both 
coils  from  the  armature  instead  of  altering  the  resistance  ;•  (fig.  1) . 
There  are  also  a  few  small  points  to  be  attended  to  before  this 
system  can  be  considered  perfect.  First,  it  is  necessary  for  the 
external  resistance  to  be  as  constant  as  possible,  in  order  that  the 
currents  sent  by  a  station  (say  A)  may  never  affect  its  own  in- 
strument. But  this  external  resistance  includes  B's  apparatus  ; 
and  B's  battery  is  sometimes  in  a)id  sometimes  out  of  circuit. 
A  variation  in  the  external  resistance  will  therefore  be  caused 
unless  the  transmitting  apparatus  is  so  arranged  that  a  resistance 
equal  to  that  of  the  battery  is  substituted  for  it  when  the  latter 
is  not  in  circuit.  Again,  there  should  be  no  interval  of  time 
during  which  neither  the  battery  nor  this  equivalent  resistance 
is  in  circuit.  These  things  can  generally  be  arranged  with 
little  difficulty.  Thus,  taking  the  case  of  the  simplest  trans- 
mitting instrument  (the  common  Morse  key),  consisting  of 
merely  a  lever  with  a  front  and  back  contact,  the  equivalent 
resistance  may  be  connected  with  the  back,  and  the  battery-jjolc 
with  the  front  contact;  and  the  interval  of  disconnexion  may  be 
avoided  by  the  use  of  suitable  springs,  or  other  means,  by  which 
the  front  contact  is  made  just  before  (or  practically  at  the  same 
time  as)  the  back  contact  is  broken,  and  vice  versa.  There  will 
then  be  only  a  very  much  smaller  interval  of  time  during  which 
the  received  currents  can  pass  both  through  the  battery  and  its 
equivalent  resistance.     The  ajjplication  of  this  to  more  compli- 
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cated  instruments  (as,  for  instance^  Wheatstone's  automatic 
transmitter)  is  not  at  first  sight  so  evident;  but  I  have  done  it 
in  a  very  simple  manner,  which  it  is  unneeessary  to  describe. 
On  long  lines^  or  with  high-speed  instruments,  an  attention  to 
these  viinutia  is  desirable ;  but  on  short  lines  and  with  common 
Morse  apparatus  they  arc  superfluous. 

It  is  not  essential,  though  sometimes  desirable,  to  use  differen- 
tially wound  instruments.  Most  telegraph  instruments  are 
constructed  witli  two  separate  coils  of  wire,  each  on  its  own  core. 
By  connecting  the  battery  to  the  wire  joining  these  coils,  we 
have  a  differential  arrangement,  and  frequently  all  that  is  needed. 
In  fact,  if  the  armature  is  polarized,  as  in  most  relays,  the  result 
is  the  same  as  if  they  were  differentially  wound.  With  an  un- 
polarized  Morse  direct-writer,  however,  the  effect  of  the  out- 
going currents  would  not  be  completely  neutralized.  This  is  of 
little  consequence,  as  the  spring  which  draws  the  armature 
from  the  electromagnets  may  have  a  tension  given  it  that  only 
the  received  currents  can  overcome.  The  rheostats  r  and  ?' 
(fig.  1)  may  even  be  dispensed  with  and  a  direct  earth-con- 
nexion substituted,  provided  the  external  resistance  be  not  too 
great. 

Quite  recently  another  system  has  been  brought  forward,  un- 
deniably the  most  perfect,  which  may  be  called  the  bridge  duplex, 
its  principle  being  that  of  Wheatstone^s  bridge.  To  whom  the 
idea  first  occurred  of  using  this  arrangement  for  duplex  telegraphy 
is  unknown  to  me.  It  has  been  claimed  by  Mr.  Eden,  of  Edin- 
burgh ;  but  it  lias  been  patented  by  Mr.  Stearns,  of  Boston, 
"U.S.,  who  also  patents  a  number  of  plans,  all  depending  on  the 
differential  system  before  described. 

The  arrangement  for  the  bridge  duplex  is  shown  theoretically 
in  fig.  2.  a,  b,  c  and  «',  V,  c'  are  resistances,  g  andy'  the  re- 
ceiving instruments,  and  /  and  f  the  batteries.  By  the  well- 
known  law  of  the  balance,  when  a:  b  =  c:  d,  where  d  is  the  whole 
external  resistance  between  station  A  and  the  earth  at  B,  the 
electromotive  force  E  will  cause  no  current  in  g ;  and  simi- 
larly for  station  B.  The  circumstance  that  the  out-going  cur- 
rents do  not  pass  through  the  receiving  instruments  is  very  im- 
portant, as  it  allows  any  dcscri])tion  of  existing  instruments  to 
be  used,  and  without  any  alteration.  As  in  the  differcntiiil  plan, 
it  is  not  always  indisj)eusablc  to  adhere  rigidly  to  the  conditions 
which  give  theoretical  perfection. 

Although  the  signals  sent  by  station  A  are  only  received  at 
B,  and  vice  versa,  and  it  is  convenient  to  assume  that  the  cur- 
rents producing  these  signals  actually  come  from  the  opposite 
station,  yet  it  does  not  always  happen  that  such  is  the  fact.  To 
take  an  extreme  case.     Let  all  the  apparatus  at  each  station,  and 
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likewise  the  batteries,  be  exactly  alike,  and  the  line  of  uniform 
insulation.  Now  let  A  depress  his  key.  The  galvanometer  at 
B  will  be  deflected,  but  not  A^s.  Let  now  B  depress  his  key. 
No  change  will  be  produced  in  the  deflection  of  B's  galvano- 
meter ;  but  A's  will  be  deflected.  But  if  A  and  B  have  both  the 
same  pole  of  their  batteries  to  line,  there  will  be  no  current  in 
the  line,  which,  by  Bosscha's  first  corollary,  may  be  removed 
without  producing  any  alteration  in  the  currents  in  the  remain- 
ing circuits.  It  is  thus  evident  that  A  and  B  are  both  working 
their  own  instruments ;  and  this  supplies  us  with  a  very  easy  way 
of  calculating  the  strength  of  the  received  signals — which  would 
otherwise  be  very  complicated.  We  have  only  to  consider  the 
current  produced  in  (ff  +  b)  by  E  having  resistance/,  with  an 
external  resistance  c,  (g  +  b)  being  shunted  by  a  resistance  a, 
and  we  find  the  strength  of  the  signal  to  be 


{f+c){a  +  b  +  g)+a{b+g) 

I  will  now  describe  two  oi'iginal  methods  of  duplex  working, 
which  though  perhaps  not  quite  so  easilj'  put  into  practice  as  the 
foregoing,  may  be  interesting  from  the  theoretical  point  of  view. 

As  in  the  bridge  arrangement,  the  out-going  currents  do  not 
pass  through  the  receiving  instruments  at  all.  In  the  first  of 
these  plans,  as  shown  in  fig.  3,  the  receiving  instrument  at  each 
station  is  connected  between  the  middle  of  two  batteries  and  the 
earth,  r  and  r'  are  rheostats.  The  condition  that  the  batteries 
E,  and  Eg  at  station  A  cause  no  current  in  g  is  that 

EjiEg^r  +  ij:  b^  +  d, 

f?  being  the  exterior  resistance  as  before;  and  similarly  for  the 

.      .       E 

other  station.     The  strength  of  current  sent  to  line  is   — -y-  or 

"         In  the  second  plan,  shown  in  fig.  4,  one  of  the  batteries 


b^  +  d' 

at  each  station  (E^  and  E'g)  is  ])laccd  in  the  same  branch  as  the 

receiving  instrument,  and  both  E,  and  Eg  tend  to  send  the  same 

current  to  the  line.     AVhcn  E,  :E2=1+  ~^^-'  {d  having  the 

same  meaning  as  before),  the  electromotive  force  Eg  is  neutra- 

E 
lized  and  there  is  no  current  in  g.    The  line-current  is  -  - ,  ^-—,, 

I  have  adapted  these  jjlans  to  (he  direct-writing  Morse  by  using 
an  ordinary  reversing  Key  (which  is  nothing  more  than  two  keys 
insulated  from  cacli  other  and  worked  by  the  same  lever),  iu 
order  to  put  the  two  batteries  E,  and  Eg  simultaneously  in  or 
out  of  circuit.     I  also  found  it  necessary  lor  there  to  be  no  in. 
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terval  of  disconnexion,  but  did  not  find  it  necessary  to  introduce 
equivalent  resistances  ^^hen  tliey  were  out  of  circuit,  though 
theoretically  this  should  be  done,  and  the  same  key  could  be 
made  to  do  it. 

The  last  plan  will  be  easily  recognized  to  be  based  on  the 
method  of  comparing  electromotive  forces  known  as  Poggen- 
dorff's  compensation,  in  which  the  battery  having  the  lesser 
electromotive  force  is  not  allowed  to  act.  The  other  plan  (tig.  3) 
is  also  an  adaptation  of  a  method  of  comparing  the  ivorking 
electromoti^^e  forces  of  batteries,  which  I  devised  three  years  ago, 
and  subsequently  published  in  the  'English  Mechanic^  for  July 
5,  1872,  No.  380,  p.  411.  My  only  reason  for  mentioning  this 
is,  that  it  is  claimed  by  Eniile  Lacoine  as  a  "  new  method  of 
determining  voltaic  constants,"  in  the  Journal  Telegraphique, 
vol.  ii.  No.  13.  See  also  the  'Telegraphic  Journal'  for  April 
this  year. 

The  greatest  drawback  to  duplex  working  (and  this  is  common 
to  all  known  systems)  is  the  changeability  in  resistance  of  the 
line-wire  itself,  caused  by  defective  insulation,  variations  of  tern* 
perature,  &e. ;  and  in  such  a  wet  and  changeable  climate  as  ours, 
this  fixes  a  limit  to  the  length  of  line  on  which  a  duplex  system 
can  be  worked  with  advantage,  making  it  less  than  can  be  worked 
through  in  the  ordinary  manner.  On  shortlines  the  resistance  never 
varies  much  in  any  weather  (unless  actual  faults  occur),  and  it  is  not 
necessary  to  vary  the  balancing  resistances.  But  on  loiig  lines  this 
variation  is  sometimes  very  considerable  ;  and  it  is  questionable 
whether,  in  the  present  state  of  telegraphy,  a  long  circuit  in  this 
country,  as  from  Glasgow  to  London,  could  be  profitably  worked 
in  wet  weather.  But  the  variations  in  the  lesistance  of  submarine 
cables  (having  no  land-lines  attached)  are  so  very  much  less, 
that  it  seems  probable,  a  priori,  duplex  telegraphy  would  be  suc- 
cessful with  them.  Of  course  their  electrostatic  capacity  must 
be  balanced  by  condensers.  It  could  also  be  applied  to  the 
system  by  which  some  long  cables  are  worked,  where  there  is 
no  metallic  circuit  through  the  receiving  instrument,  which  is 
placed  between  a  condenser  and  the  cable. 

Those  systems  where  the  out-going  currents  do  not  pass 
through  the  receiving  instruments  have  a  peculiar  and  perliaps 
what  will  some  day  (when  telegraphy,  now  in  its  infancy,  has 
arrived  at  years  of  discretion)  be  considered  an  important  ad- 
vantage over  the  difi'ercntial  system.  It  is  theoretically  possible 
to  send  any  number  of  messages  whatever  simultaneously  in  one 
and  the  same  direction  on  a  single  wire.  Now  by  combination 
with  a  "  null "  duplex  system  it  becomes  obvious!}^  possible  to 
send  any  number  of  messages  in  the  other  direction  while  the 
oj)positc  correspondences  arc  going  on,  and  without  interference. 
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Thus  the  working  capacities  of  telegraphic  circuits  may  be  in- 
creased indefinitely  by  suitable  arrangements.  Practically, 
however,  it  would  seem  that  a  limit  would  soon  be  reached, 
from  the  rapidly  increasing  complication  of  adjustments  required. 
Besides,  to  keep  them  going,  the  telegraph-clerks  must  themselves 
be  electricians  of  a  rather  higher  order  than  at  present ;  and, 
considering  the  condition  of  the  labour-market  and  the  youth  of 
the  school-boards,  that  would  scarcely  pay.  Nevertheless,  from 
experiments  I  have  made,  I  find  it  is  not  at  all  a  difficult  matter 
to  carry  on  four  correspondences  at  the  same  time,  namely  two 
in  each  direction;  and  if  we  may  suppose  the  growth  of  tele- 
graphy will  be  as  rapid  in  the  future  as  it  has  been  in  the  past, 
it  seems  not  improbable  that  multi-telegraphy  will  become  an 
established  fact. 

In  a  following  paper  I  intend  giving  the  formulae  necessary 
for  calculating  the  proper  proportions  of  the  resistances  &c.  to 
suit  different  lines  and  apparatus,  so  that  the  greatest  possible 
amount  of  current  may  be  driven  through  the  receiving  instru- 
ments, where  alone  it  is  of  practical  service. 

April  19,  1873. 

LIV.   On  the  Theory  of  the  Normal  Magnet,  and  the  Means  of  aug- 
menting indefinitely  the  Power  of  Magnets.    By  J.  Jamin*. 

IN  the  sitting  of  the  16th  December,  1872, 1  made  known  to 
the  Academy  the  process  by  which  I  was  enabled  to  mea- 
sure the  force  necessary  to  separate  the  same  very  small  iron 
contact  placed  on  different  parts  of  a  magnet.  This  force  is 
measured  in  grammes ;  I  designate  it  by  F.  I  will  now  state 
how  it  varies  for  the  different  points  in  a  magnetized  plate  which 
is  straight,  long,  flat,  and  broad. 

On  the  line  drawn  in  the  middle  of  the  plate,  parallel  to  its 
length — that  is  to  say,  along  the  axis,  F  =  0,  not  only  in  the 
centre,  but  to  within  a  short  distance  of  the  two  ends,  after 
which  it  increases  rapidly  as  far  as  the  extremities,  where  it 
forms  two  equal  curves  which  are  convex  in  relation  to  the  mag- 
net, and  of  which  the  equation  has  been  given  by  Biot.  It  is 
the  same  on  every  line  parallel  to  the  axis,  with  this  difference — 
that  the  ordinates  of  the  curves  are  greater  towards  the  edges 
than  in  the  middle.  I  have  studied  only  the  axial  curve ;  it  is 
this  which  will  be  exclusively  considered  in  what  follows. 

For  one  and  the  same  steel  magncitized  to  saturation,  F  aug- 
ments with  the  thickness  of  the  plate,  according  to  laws  (pro- 

*  Translated  from  the  Comptcs  Eciultts  de  VAcademic  des  Sciences, 
March  31,  1873. 
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bably  couiplicated)  which  I  have  not  yet  studied ;  it  does  not 
vary  sensibly  with  the  breadth.  All  my  experiments  have  been 
made  upon  steel  springs  of  1  millim.  thickness.  The  laws  which 
I  shall  state  will  probably  apply  to  other  thicknesses^  with  dif- 
ferent values  of  the  coefficients. 

I.  When  two  similar  magnetized  plates  are  superposed,  the 
curves  representing  the  values  of  F  rise,  from  the  magnetism 
leaving  the  faces  which  are  placed  in  contact  to  take  refuge  at 
the  exterior  parts.  At  the  same  time  the  curves  approach  each 
other  and  the  middle  of  the  magnet.  This  effect  is  increased  on 
the  addition  of  a  third  and  a  fourth  plate.  Finally  the  two 
curves  unite  in  the  middle. 

From  this  moment  the  combination  of  force  is  at  its  maximum. 
A  greater  number  of  plates  makes  no  change  in  its  intensity  at 
any  point ;  and  if  we  dismount  the  pile  in  order  to  study  sepa- 
rately each  of  the  layers  which  compose  it,  we  find  that  they  have 
lost  a  portion  of  their  first  magnetization  as  much  greater  as 
there  w^ere  more  of  them.  In  short,  all  addition  to  the  limit- 
number  of  the  plates  is  to  no  purpose  and  a  useless  expenditure 
of  steel.  This  final  magnet,  the  only  one  susceptible  of  precise 
definition,  is  the  only  one  to  be  employed,  since  it  gives  the 
maximum  of  effect :  I  shall  call  it  the  normal  ov  boundary  magnet. 
It  will  be  seen  that  then  all  magnetic  questions  become  unex- 
pectedly simple. 

II.  The  curve  representing  the  force  F  in  the  normal  magnet 
is  a  parabola  represented  by  the  equation  F  =  A.r^  x  being  the 
distance  to  the  centre  of  the  plate,  and  A  a  coefficient  which 
varies  with  the  length.  This  law  is  proved  by  the  following 
numbers.  It  will  be  observed  that  the  values  of  F  rise  rapidly 
at  first  with  the  number  of  layers,  arriving  very  slowly  at  their 
maximum,  which  they  do  not  afterwards  exceed.  (/  denotes  the 
half-length.) 

Values  of  the  force  F. 
2/= 480. 


Distance  to 
t!ie  centre. 

3  plates. 

7  plates. 

9  plate?. 

15  plates. 

Calculated. 

niillims. 

grins. 

grins. 

grins. 

grins. 

grins. 

240 

41 

42 

48  2 

54  3 

57-(; 

220 

25  4 

m 

402 

450 

48-4 

190 

139 

2j-(; 

32G 

37-2 

3(51 

140 

9  5 

170 

16-5 

201 

loa 

90 

7-8 

85 

8'(5 

81 

40 

n 

1-5 

15 

m; 
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2/=310. 


Distance  to 

I 

2 

3 

5 

6 

8 

12 

Calcu- 

the centre. 

plate. 

plates. 

plates. 

plates. 

plates. 

plates. 

plates. 

lated. 

niillims. 

grms. 

grms. 

grins. 

grms. 

grms. 

grms. 

grms. 

grms. 

155 

12  5 

221 

280 

35  5 

370 

38-4 

37-8 

35-4 

145 

8-5 

150 

207 

307 

302 

30-5 

340 

323 

125 

40 

7-6 

167 

21-2 

24-3 

23-5 

250 

24  0 

105 

15 

4-5 

102 

150 

180 

18  5 

180 

16-9 

85 

06 

20 

75 

100 

127 

156 

142 

10-8 

55 

0-6 

2-5 

5  0 

7-1 

70 

7Q 

4-5 

35 

1-4 

30 

3-5 

32 

30 

14 

15 

0-2 

0-5 

05 

07 

lo 

0-3 

2/=250. 


Distance  to 

1 

2 

3 

4 

7 

11 

30 

Calcu- 

the centre. 

plate. 

plates. 

plates. 

plates. 

plates. 

plates. 

plates. 

lated. 

millims. 

grms. 

grms. 

grms. 

grms. 

grms. 

grras. 

grms. 

grms. 

125 

14-5 

24-6 

2d'-2 

28-6 

316 

•27Q 

29-6 

29-6 

105 

100 

127 

16-2 

187 

18  2 

197 

19  9 

20-9 

75 

30 

70 

8-6 

11-2 

11-2 

11-2 

112 

10  4 

25 

10 

15 

1-4 

1-4 

1-4 

14 

1-2 

2 

^=200. 

Distance  to 
the  centre. 

1  plate. 

2  plates. 

3  plates. 

4  plates. 

G  plates. 

Calculated. 

millims. 

grms. 

grms. 

grms. 

grms. 

grms. 

grms. 

100 

10  0 

200 

26-5 

25  0 

25  0 

24  0. 

90 

CO 

13  5 

135 

205 

208 

19  4 

70 

3-2 

89 

112 

124 

130 

117 

50 

20 

50 

75 

6-9 

70 

GO 

20 

0-4 

10 

17 

1-4 

15 

09 

2/=  100. 


Distance  to 
the  centre. 

1  plate. 

2  plates. 

3  plates. 

5  plates. 

Calculated. 

millims. 

grms. 

grms. 

grms. 

crnis. 
127 

grms. 

50 

7-6 

97 

11-4 

12  0 

40 

47 

70 

77 

78 

7-6 

;!0 

34 

5  5 

5  5 

5  5 

4-3 

20 

15 

2-5 

20 

18 

106 

10 

... 

15 

0-4 

0-4 

0-4 

III.  It  is  difficult  to  say  at  wlmt  number  of  plates  the  maxi- 
mutn  is  readied,  since  it  is  only  slowly  arrived  at;  but  it  is 
evident  that  tlie  number  is  greater  the  greater  the  length. 
Three  or  lour  are  ie(juired  for  100  inillinis,,  si.Kto  eight  for 200, 
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nine  to  fourteen  for  300.     We  may  say  it  is  approximately  pro- 
])ortional  to  the  length. 

IV.  The  preceding  Tables  show  that  the  separating-force  at 
the  extremity  of  the  normal  pile  augments  \\'\i\\  the  length  21. 
It  is  54  grammes  for  480  millims.,  38  for  310,  25  for  200,  and 
12  for  100.  If  we  make  the  quotients  of  these  forces  by  the 
half-lengths  /,  we  find : — 


Length  21.  480. 

400. 

310. 

250. 

200, 

100. 

F          540 

41-1 

37-8 

31'5 

25-0 

12-5 

y=/t«    0-225 

0-220 

0-244 

0-252 

0-250 

0-2 

The  first  two  quotients  are  a  little  too  low,  because  the  num- 
bers of  the  plates  were  not  sufficient  to  give  the  exact  limit  of  F ; 
all  the  others  are  equal.  "We  shall  thence  conclude  that  the  se- 
parating-force F/  at  the  extremity  of  a  normal  pile  is  exactly 
proportional  to  its  length — which  is  expressed  by  the  formula 
F,  =  F/. 

If  /  vary,  kH  will  be  represented  by  a  right  line  Ac,  maldng 
with  the  cT-axis  an  angle  of  which  the  tangent  is  hr, — k-  varying 
doubtless  with  the  thickness  of  the  plates,  but  remaining  con- 
stant when  that  thickness  is  invariable. 

V.  We  have  previously  found  that,  for  a  given  plate  of  length 
21,  F  varies  with  the  distance  to  the  centre  according  to  the  law 
F  =  Aa'^.     If  0,'=/,  we  have  Fi  =  A/^,  from  which  we  deduce 

F^  =  A/^  =  A-^/,     A=^; 

and  consequently  the  general  equation  becomes 

F=J>^•^ (1) 

When  the  pile  terminates  in  V>,  the  parabolic  curve  of  the 
values  of  F  is  AMC;  if  it  is  limited  to  D,  it  is  ANE.  All 
these  parabolas  are  tangents  at  A  to  Ax,  and  pass  through  the 
points  of  the  straight  line  AEC  which  correspond  to  tlic  differ- 
ent lengths  of  the  normal  piles.  In  fine,  the  law  of  the  se-para- 
ting-lurces  is  expressed  by  means  of  a  single  coefficient  k,  which 
depends  solely  on  the  thickness  of  the  elementary  ])Iate  and  on 
the  kind  of  steel  employed,  the  mean  of  A:'-  being  equal  to  0*2  10. 
The  values  of  F  corresponding  to  the  various  ])lates,  inserted  in 
the  preceding  Tables,  were  calculated  according  to  the  above 
formula  ;  sufficient  accordance  will  be  found  between  the  ob- 
served and  the  calculated  numbers. 

VI.  A\'c  shall  assume,  with  Coulomb,  that  the  soparating-force 

2F2 
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F  is  proportional  to  the  magnetic  intensity  at  each  point,  and 
that  we  can  put  F  =  P;  then 

^=^"^' (^' 

I/=^W. (3) 

Equation  (3),  which  may  be  written  l^  =  k-l,  shows  that  the 
magnetic  intensity  at  the  extremity  of  the  normal  pile  varies  as 
the  ordinates  of  a  parabola  A  Q  P  tangent  in  A  to  the  y-axis ; 
and  from  equation  (2)  we  gather  that  the  intensity  on  the  dif- 
ferent points  of  a  bar  of  length  21  is  figured  by  a  right  line 

k 
which  makes  with  the  ar-axis  an  angle  whose  tangent  is  — -=. 

V   I 

For  /=AB,  this  line  is  AP;  it  would  be  AQ  for  a  pile  termi- 
nated at  the  point  D. 


VII.  This  total  M  is  the  area  of  the  triangle  AB  P,  or 

lxk^/l=klk 

If  a  be  the  width  of  the  plates,  and  e  their  thickness,  and  if  we 
neglect  the  augmentations  of  intensity  produced  at  the  corners 
and  angles  of  the  pile,  this  quantity  must  be  multiplied  by  the 
perimeter  2{a  +  7ie),  n  being  the  number  of  plates;  we  have 
therefore 

'M  =  2{a-\-ne)klK 

VIII.  When  a  contact  is  placed  under  the  magnet,  all  free 
magnetism  disappears  if  the  contact  is  large  enough  and  con- 
tains a  sufficient  quantity  of  iron.  Tiie  whole  of  the  magnetism 
M,  therefore,  is  concentrated  upon  the  surface  of  adhesion,  which 
1  name  S.  Its  intetisity  there  (that  is,  the  quantity  of  magne- 
tism on  the  unit  of  surface)  is  —  ;  and  the  carrying-force  will 


W 

S^ 


be  ^;  fur  the  whole  surface  it  will  be   -j^Sor-^-' 
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It  follows  from  this  that  the  carrying- force  is  inversely  as  the 
surface  of  contact — which  is  correct,  provided  that  all  free  mag- 
netism has  disappeared,  but  ceases  to  be  true  if  S  falls  below 
certain  proportions.  It  is  on  this  account  that  cylindrical  con- 
tacts arc  generally  en)ployed,  and  not  plane  ones.  Substituting 
for  M  its  value,  the  carrying-force  P  is 

A^ja  +  ncYkH^ 
S 

IX.  The  weight  of  the  magnet  is  equal  to  that  of  a  plate, 
2aehl,  multiplied  by  the  number  of  plates,  which  is  proportional 
to  their  Icngtli,  and  may  be  expressed  by  ml;  it  is  therefore 
7r  =  2mael'^d.  Consequently  the  ratio  of  P  t0  7r,  which  measures 
the  carrying-force  as  a  function  of  the  weight  of  the  magnet, 
will  be 

P  ^  2{a  +  neY  ^.^ 
TT         ^maed         ' 
or  approximately,  neglecting  ne  against  a, 

TT  b 

This  ratio  will  be  proportional  to  the  length  and  to  the  width 
of  the  plate,  and  inversely  as  the  surface  of  contact. 

X.  There  are  two  points  which  I  have  not  examined  in  what 
precedes  :  they  are  the  question  of  armatures,  and  the  influence 
of  the  thickness  of  the  plates.  On  the  latter  point  I  have  ascer- 
tained the  following : — 

The  power  of  a  plate  increases  considerably  with  its  thickness, 
but  less  rapidly  than  the  thickness,  so  that  there  is  a  limit 
beyond  which  it  remains  stationary;  but  a  plate  of  thickness  1 
has  less  power  than  two  others  of  h  thickness,  which  are  much 
less  powerful  than  three  plates  the  thickness  of  each  of  which 
is  g  ;  and,  generally,  the  difference  increases  with  the  number 
of  the  layers  of  which  a  pile  of  a  given  thickness  is  composed.  I 
have  thus  been  induced  to  employ  ribands  of  steel ;  and  as  com- 
merce supplies  them  abundantly  and  regularly,  of  excellent 
metal,  I  had  only  to  superpose  them  in  sufficient  number  to  con- 
struct normal  magnets  and  attain  the  extreme  force,  at  the  same 
time  considerably  diminishing  the  weigiit.  I  have  thus  obtained 
magnets  carrying  twenty  times  their  own  weight.  I  shall  soon 
exceed  this  limit,  thanks  to  the  kind  cooperation  of  M.  Breguet, 
and  thanks  also  to  my  excellent  and  devoted  foreman,  Cyprien 
Bolle. 
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LV.  On  the  Law  of  Gaseous  Pressure.      By  the  Hon.  J.  W, 
Strutt,  late  Fellow  of  Trinity  College,  Cambridge. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen^ 

ABSENCE  from  England  has  prevented  my  seeing  Mr. 
Moon's  last  paper  (Phil.  Mag.  Feb.  1873)  until  lately. 
I  question  whether  there  would  be  any  use  in  continuing  the 
controversy,  as  we  seem  to  have  hardly  any  common  ground  for 
argument ;  but  Mr.  Moon  asks  me  one  or  two  definite  questions 
which  I  ought  not  to  leave  unanswered. 

I  am  asked  whether  I  still  "consider  that  Boyle's  law  has  been 
experiraentallv  proved  in  the  case  of  motion.^'  If  forced  to  give 
a  categorical  answer,  I  must  say  yes ;  for  the  simple  reason  that 
all  the  experiments  on  gases  ever  made  relate  to  the  case  of  mo- 
tion. Since  my  first  note  on  this  subject,  Mr.  Moon  has  ex- 
plained, or  at  least  admitted  my  assertion,  that  the  absolute 
velocity  of  a  gas  is  not  material ;  so  that  in  fact  by  motion  he 
means  relative  motion  of  the  various  parts  of  a  gas.  I  am  free 
to  admit  that  the  experiments  by  which  Boyle's  law  is  established 
do  not  extend  to  the  case  of  relative  motion, 

]\Ir.  Moon  finds  a  reductio  ad  absurdum  of  the  received  law  of 
pressure  in  an  argument  relating  to  the  behaviour  of  air  confined 
under  a  piston  when  a  weight  is  placed  on  the  latter,  and  con- 
tends that  the  fallacy  consists  in  the  false  assumption  of  the 
received  law.     I  took  some  pains  to  point  out  that  it  is  not 
merely  the  truth  or  falsehood  of  Boyle's  law  (as  extended)  which 
is  at  issue,  but  that  ]Mr.  Moon's  argument,  if  valid  at  all,  goes 
the  length  of  proving  that  it  is  impossible,  without  self-contra- 
diction, even  to  conceive  a  medium  whose  pressure  shall  (under 
all  circumstances)  vary  as  the  density.     My  position  is  that  the 
fallacy  or  absurdity  lies  not  in  the  premises,  but  in  the  argu- 
ment, which  I  applied  to  prove  that  a  body  would  not  fall  when 
its  support  is  removed.     Mr.  Moon  docs  not  admit  the  paral- 
lelism of  the  two  paradoxes,  and  asks  me  to  point  out  exactly 
where  the  fallacy  lies.     To  enter  into  a  complete  cxphniation 
would  be  to  write  a  dissertation  on  the  princi})les  of  the  differen- 
tial calculus,  for  which  this  is  certainly  not  the  place ;  but  I 
may  say  that   (in  my  opinion)  the  error  lies  in  the  omission 
of  the  word  finite.     Tliere  can  be  no  finite  change  of  ])ressurc 
without  a  finite  displacement,  nor  can  there  be  a  finite  displace- 
ment without  a  finite  change  ofjjressure.  Tliismuch  is  admitted; 
but  it  does  not  follow  that  there  is  never  a  finite  displacement 
or  change  of  pressure.     In  fact  the   quantities  become  finite 
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together,  or  at  least  may  do  so,  for  all  that  this  argument  proves 
to  the  contrary. 

I  am,  Gentlemen, 

Your  obedient  Servant, 

John  W.  Strutt. 
May  15,  1873. 


LVI.  On  some  Improvements  in  Electromagnetic  Induction  Ma- 
chines.    By  H.  Wilde,  Esq.* 

[With  a  Plate.] 

SOON  after  my  announcement  (in  1866)  of  the  discovery  that 
electric  currents  and  magnets  indefinitely  weak  could,  by 
induction  and  transmutation,  produce  magnets  and  currents  of 
indefinite  strengthf,  a  number  of  electricians  suggested  other 
methods  by  which  this  principle  could  be  exhibited  and  more 
powerful  results  obtained  than  those  which  I  had  described. 

The  most  interesting  as  well  as  the  most  useful  of  these  sug- 
gestions was  to  augment  the  magnetic  force  of  the  elementary 
magnet,  by  transmitting  the  direct  current  from  the  armature  of 
a  magneto-electric  or  an  electromagnetic  machine  through  wires 
surrounding  its  own  permanent  or  electromagnet,  in  such  a  direc- 
tion as  to  intensify  its  magnetism,  until,  by  a  series  of  actions 
and  I'cactions  of  the  armature  and  the  magnet  on  each  other,  an 
exalted  degree  of  magnetism  in  the  iron  or  steel  was  obtained. 

This  idea  seems  to  have  occurred  to  several  electro-mechani- 
cians almost  simultaneously  in  England,  Germany,  and  America. 
Ill  a  letter  to  the  'Engineer'  newspaper  of  July  20,  1866,  Mr. 
Murray,  after  referring  to  my  experiments,  writes  that  he  wishes 
to  point  out  a  variety  of  the  principles  embodied  in  the  machine 
I  had  described,  which,  he  says,  is  so  obvious  that  it  cannot  fail 
to  be  hit  upon  by  some  inventor  before  long,  and  warns  any  one 
whom  it  may  strike  against  patenting  the  idea,  seeing  that  he 
had  already  constructed  a  machine  upon  the  plan.  Mr.  ]\Iur- 
vay  then  states  that  "  whereas  Mr.  "VA'ildc,  beginning  with  an 
ordinary  magneto-electric  machine,  uses  the  current  obtained 
from  it  to  charge  a  powerful  electromagnet,  and  from  this  ob- 
tains a  second  and  more  powerful  current,  which,  used  in  like 
manner,  produces  one  still  more  intense,  I,  using  only  a  single 
machine,  pass  the  currents  from  its  armatures  through  wires 
coiled  round  the  permanent  magnets  in  such  a  direction  as  to 

*  Communicated  by  the  Author,  having  been  read  at  a  Meeting  of  the 
Literary  and  Philosophical  Society  of  Manchester,  April  15,  1873. 

t  Proceedings  of  the  Royal  Society,  April  2(5,  18()G.  Phil.  Trans, 
vol.  clvii.  (1867).     Phil..  Mag.  S.  4.  vol.  xx.\iv.  p.  81. 
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intensify  their  magnetism^  which,  in  its  turn,  reacts  upon  the 
armatures  and  intensifies  the  current." 

AVhether  it  be  that  electricians  are  not  in  the  habit  of  reading 
engineering  journals,  or  that  information  communicated  to  them 
in  the  form  of  letters  is  lost  in  the  plethora  of  printed  matter  of 
all  kinds  which  engages  the  attention  of  the  reading  public,  Mr. 
Murray's  warning  to  inventors  against  patenting  his  idea  has 
been  disregarded,  as  a  patent  was  taken  out  on  December  the 
24th  of  the  same  year  by  C.  and  S,  A.  Yarley  for  "  improvements 
in  the  means  of  generating  electricity,"  wherein  is  described  a 
machine  consisting  of  two  electromagnets  and  two  bobbins.  The 
bobbins  are  mounted  on  an  axle,  on  which  also  a  commutator  is 
fixed ;  the  ends  of  the  insulated  wire  surrounding  the  bobbins 
are  connected  with  this  commutator,  and  through  it  with  the 
insulated  wire  of  the  electromagnets,  forming  the  whole  into  one 
electric  cu'cuit.  Before  using  the  apparatus,  an  electric  current  is 
sent  through  the  electromagnet  for  the  purpose  of  securing  a  small 
amount  of  permanent  magnetism  in  the  iron  core  of  the  electro- 
magnet. On  revolving  the  axle,  the  bobbins  become  slightly  mag- 
netized in  their  passage  between  the  poles  of  the  electro-perma- 
nent magnets,  generating  weak  currents  in  the  insulated  wire 
surrounding  them.  The  effect  of  the  current  passing  through  the 
electromagnets  is  to  increase  their  magnetism  and  magnetize  in 
a  higher  degree  the  bobbins  when  passing  between  the  poles  of 
the  electromagnets;  and  in  this  way  the  electromagnets  and  the 
bobbins  act  and  react  on  each  other,  causing  the  circulation  of 
increased  quantities  of  electricity. 

Another  patent  for  the  same  idea  was  taken  out  by  C.  W. 
Siemens,  F.R.S.,  on  January  the  31st,  1867,  as  a  communica- 
tion from  Dr.  Werner  Siemens,  of  Berlin.  The  invention  is  de- 
scribed as  having  for  its  object  the  obtaining  of  powerful  electric 
currents  without  the  aid  cither  of  large  batteries  or  of  permanent 
magnets,  by  the  following  method  : — A  movable  keeper  or  arma- 
ture surrounded  with  a  coil  of  insulated  wire  is  arranged  in  front 
of  the  poles  of  an  electromagnet;  and  after  rotatory  motion  is 
imparted  to  the  armature,  a  magnetic  impulse  is  given  to  the 
electromagnetic  arrangement  by  the  momentary  insertion  of  a 
galvanic  battery  into  the  circuit,  which  steadily  and  rapidly  aug- 
ments simultaneously  with  an  increasing  electric  current  in  the 
coils.  For  I'cproducing  a  current  after  the  machine  is  arrested 
no  fresh  impulse  from  the  battery  is  needed,  because  the  resi- 
dual or  ])ermancnt  magnetism  of  the  electromagnet  is  sufficient 
to  ctmimcnce  inductive;  action. 

Although  ])rivatc  letters  addressed  from  one  ]ierson  to  an- 
other ought  never  to  be  received  as  evidence  in  questions  afTecfiiig 
the  priority  of  scientific  discovery  or  invention,  yet,  for  the  pur- 
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pose  of  showing  the  interest  which  attached  to  my  investiga- 
tions wherever  science  is  cultivated,  and  also  that  when  princi- 
ples are  once  discovered  the  similar  trains  of  reasoning  of  dif- 
ferent persons  lead  to  similar  results,  I  will  here  mention  that 
in  the  month  of  November  186G  I  received  a  letter  from  Mr. 
Moses  G.  Farmer,  of  Salem,  ]\Iass.,  U.S.A.,  on  the  subject  of 
my  researches,  and  stating  that  he  had  built  a  small  machine  in 
which  a  current  from  a  thermo-electric  battery  excites  the  electro- 
magnet of  my  machine  to  start  it,  and  after  the  machine  is  in 
action  a  branch  from  the  magneto-electric  current  passes  through 
its  own  electromagnet,  and  this  supplies  the  magnetism  required. 

The  next  and  last  instance  of  the  repetition  of  this  idea  to 
which  I  shall  refer  (though  my  list  is  not  yet  exhausted),  is  that 
communicated  to  the  lloyal  Society,  Tebruary  14,  1867,  by  Sir 
Charles  Wheatstone,  in  a  paper  "  On  the  Augmentation  of  the 
Power  of  a  IMagnet  by  the  reaction  thereon  of  currents  induced 
by  the  INIaguet  itself"*.  After  pointing  out  that  he  had  con- 
structed the  electromagnetic  part  of  his  machine  according  to 
my  description,  Wheatstone  states  that  he  first  excites  the  elec- 
tromagnet by  any  rheomotor,  and,  after  removing  it  from  the 
electromagnet,  the  circuits  of  the  armature  and  electromagnet 
are  joined  to  form  a  single  circuit.  The  electromagnet,  retaining 
a  slight  residual  magnetism,  is  therefore  in  the  condition  of  a 
weak  permanent  magnet.  The  motion  of  the  armature  occa- 
sions feeble  currents  in  the  coils  thereof,  which,  after  being  rec- 
tified in  the  same  direction  by  means  of  a  rheotrope,  pass  into 
the  coils  of  the  electromagnet  in  such  a  manner  as  to  increase 
the  magnetism  of  the  iron  core;  the  magnet  having  thus  received 
an  accession  of  strength,  produces  in  its  turn  more  energetic 
currents  in  the  coil  of  the  armature ;  and  these  alternate  actions 
continue  until  a  maximum  is  obtained. 

I  have  now  enumerated,  with  some  degree  of  tediousness  and, 
to  })revent  misunderstanding,  as  nearly  as  possible  as  they 
liave  been  described,  instances  where  the  idea  of  augmenting 
the  force  of  a  magnet  by  currents  induced  by  itself  has  been 
repeatedly  suggested.  This  enumeration  I  should  have  deemed 
somewhat  unnecessary  were  it  not  that  a  prominent  worker  in 
science,  whose  genius  and  attainments  entitle  his  opinions  to  a 
high  degree  of  respect,  has  described  the  contrivance  (in  a  man- 
ner to  produce  in  the  minds  of  those  interested  in  education  an 
erroneous  impression)  as  a  new  principle  in  electric  science,  a 
great  step  in  magneto-electricity,  and  the  discovery  of  Messrs. 
Siemens  and  Wheatstonet- 

*  Proceedings  of  the  Royal  iSociety,  vol.  xv.  p.  o()9. 
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That  this  contrivance  suggested  itself  independently  in  dif- 
ferent countries  to  the  several  experimenters  above  mentioned, 
there  is  as  little  reason  to  doubt  as  that  the  similar  animistic  ideas 
and  customs  found  amongst  the  primitive  races  in  various  pai'ts 
of  the  world  are  of  independent  origin ;  but  such  repetitions  ex- 
clude the  contrivance  from  the  rank  of  a  discovery  in  science ; 
and  it  is,  as  Mr.  Murray  justly  designates  it,  an  obvious  variety 
of  the  principles  embodied  in  the  machine  I  first  described  before 
the  Royal  Society. 

At  the  time  when  this  method  of  exciting  an  electromagnet 
was  brought  prominently  forward  by  Messrs.  Siemens  and 
Wheatstone,  I  directed  attention  to  the  fact  (which  would  seem 
to  have  escaped  the  notice  of  these  electricians,  as  they  omitted 
to  mention  it)  that  machines  constructed  as  they  had  described 
them  are  incapable  by  themselves  of  producing  powerful  electric 
currents,  as  the  whole  energy  of  the  machine  is  expended  in  ex- 
citing its  own  electromagnet*.  Besides  this,  the  actual  amount 
of  electricity  circulating  round  the  electromagnet  is  really  very 
small ;  and  when  the  circuit  is  opened  for  the  purpose  of  applying 
the  current  to  some  useful  purpose,  the  magnet  immediately 
discharges  itself  and  resumes  its  neutral  condition  till  the  con- 
tinuity of  the  metallic  circuit  is  reestablished. 

While  the  current  transmitted  from  the  armature  of  a  mag- 
neto-electric or  an  electromagnetic  machine,  as  I  have  said,  is 
incapable  of  directly  producing  powerful  elcctrodynamic  effects, 
such  current  may  be  usefully  employed  to  excite  the  electromag- 
nets of  other  machines  in  accordance  with  my  original  method. 
Some  idea  of  the  smallness  of  the  quantity  of  electricity  re- 
quisite for  this  pur|)Ose  will  be  formed  from  the  fact,  that  the 
full  i)0wer  of  the  10-inch  machine  is  developed  when  its  electro- 
magnet is  excited  by  the  current  from  four  j)int  Grovels  cells. 

This  machine  has  been  in  constant  operation  for  some  time 
past  for  the  electro-deposition  of  metals  from  their  solutions; 
and  its  electromagnet  is  now  excited  by  its  own  residual  magne- 
tism in  the  following  manner: — A  small  magnet-cylinder  (3-5 
inches  diameter  and  14  inches  long)  is  bolted  to  the  top  of  the 
10-inch  cylinder,  so  that  the  sides  and  axis  of  the  former  are  pa- 
rallel with  the  similar  parts  of  the  latter.  Tlic  cylinders  arc 
separated  for  a  space  of  three  quarters  of  an  inch  by  a  packing  of 
brass,  and  consequently  act  upon  each  other  by  induction  through 
the  intervening  space,  instead  of  by  contact  as  in  ordinary  me- 

Tlicories,  (lelivcrctlntthc  Royal  Iiistitiitiou  of  Groat  Brituiu,  IS/O,  I)y.Tolin 
Tviulall,  LL.l).,  r'.R.S,  "<lesired  by  persons  interested  in  edueation." 

'  ♦  Proceedings  of  the  Literary  and  riiilosui)liieal  Soeiety  of  3Innelicster, 
Tol.  vi.  p.  103, 
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thcds  of  magnetization.  The 
annexed  figure,  representing  an 
end  view  of  the  cylinders  with 
the  armatures  in  section,  will 
make  this  arrangement  of  the 
cylinders  pretty  clear  to  those 
who  are  familiar  with  the  con- 
struction of  these  machines. 

The  residual  or  permanent 
magnetism  of  the  large  electro- 
magnet with  its  C3'linder  is  very 

considerable,  being  many  times  greater  than  that  of  the  four 
small  permanent  magnets  with  which  it  was  originally  excited*. 
The  coils  of  the  small  armature  are  placed  in  connexion  with 
those  of  the  great  electromagnet ;  and  when  the  armature  is  ro- 
tated, the  magnet-cylinders  act  and  react  on  each  other  until  the 
electromagnet  is  excited  to  the  highest  degree  of  intensity.  By 
this  arrangement  of  the  armatures  and  cylinders,  the  minor  cur- 
rent for  exciting  the  electromagnet  is  kept  distinct  from  the 
major  current  from  the  larger  armature,  which  may  be  coiled 
for  currents  of  high  or  low  tension  according  to  the  purpose  for 
which  they  are  required. 

It  is  essential  for  the  attainment  of  a  high  degree  of  magne- 
tism in  an  electromagnet  excited  by  magneto-electricity,  that  the 
continuity  of  tlie  armature  and  electromagnetic  circuits  should 
be  preserved  during  the  change  of  contacts  from  one  segmental 
part  of  the  commutator  to  the  other.  For  this  purpose  the  seg- 
ments are  made  to  overlap  each  other  for  a  short  distance,  so 
that  the  metallic  rubbers  or  brushes  for  taking  off  the  current 
bear  on  adjoining  segments  simultaneously  at  the  point  of  no 
current,  and,  in  so  doing,  form  two  closed  metallic  circuits  for  a 
brief  interval,  which  may  be  represented  by  the  numeral  8,  the 
upper  part  of  the  figure  representing  the  armature  circuit,  and 
the  lower  part  that  on  the  electromagnet;  but  when  the  arma- 
ture is  at  that  part  of  its  revolution  when  the  current  begins  to 
rise  in  intensity,  the  coils  of  the  armature  and  electromagnet 
form  one  continuous  circuit,  which  may  be  represented  by  the 
cipher  0.  The  importance  of  keeping  the  circuits  closed  in  tlie 
manner  described  was  not  sufficiently  observed  in  my  earlier 
experiments,  and  necessitated  the  employment  of  much  more 
powerful  currents  for  exciting  the  electromagnets  than  were 
afterwards  found  to  be  necessary. 

*  The  small  scale  upon  which  my  experiments  have  been  repeated  by 
physicists  has  in  some  instaiices  given  rise  to  the  idea  that  the  residual 
magnetism  of  an  electromagnet  is  a  lower  degree  of  permanent  magnetism 
than  that  which  originally  formed  the  basis  of  my  augmentations. 
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So  far  as  I  have  commimicated  the  results  of  my  iuvestigations 
on  the  principle  of  accumulative  action  in  electrodynamics,,  they 
have  been  obtained  with  machines  designed  with  reference  to  the 
peculiar  form  of  armature  contrived  by  Dr.  Werner  Siemens,  of 
Berlin.  While  possessing  several  advantages  in  point  of  efficiency 
over  that  of  Saxton,  the  Siemens  armature  requires  to  be  driven  at 
a  high  velocity  to  produce  a  succession  of  currents  sufficiently 
rapid  to  be  available  as  a  substitute  for  the  voltaic  battery.  Little 
inconvenience,  however,  arises  from  the  highspeed  when  the  ar- 
matures are  of  small  dimensions;  but  as  the  dimensions  increase 
it  becomes  necessary  to  lower  the  speed,  and  the  large  machines 
are  consequently  not  proportionately  powerful  in  comparison  with 
the  smaller  ones.  Besides  this,  the  advantage  possessed  by  this 
form  of  armature,  in  having  the  moving  mass  of  metal  near  the 
axis  of  rotation,  is  neutralized  as  the  dimensions  increase,  by  the 
excessive  heat  generated  by  the  magnetization  and  demagnetiza- 
tion of  the  iron.  It  would  also  be  convenient  in  some  circum- 
stances to  drive  a  machine  direct  from  the  crank  or  flywheel  of 
a  steam-engine  without  the  intervention  of  multiplying  gearing. 
Considerations  of  this  nature  led  me,  towards  the  end  of  1866, 
to  propose  to  myself  the  construction  of  an  electromagnetic 
machine  with  multiple  armatures,  which  should  remove  the  in- 
conveniences inherent  in  those  hitherto  constructed  by  produ- 
cing a  greater  number  of  currents  for  one  revolution  of  the 
armature  axis.  Since  that  time  I  have  been  engaged,  with 
more  or  less  interruption,  in  carrying  out  this  design,  and  have 
at  length  constructed  a  machine  the  performance  of  which  sur- 
passes all  my  previous  essays  in  this  direction  in  regard  to  power 
and  efficiency,  and  with  a  considerable  reduction  in  the  quantity 
of  the  materials  employed*. 

The  machine  in  which  these  results  arc  embodied  is  repre- 
sented in  Plate  VIII.  figs.  1  and  2.  In  these  views  Ay,  Ay  are  the 
two  sides  of  a  circular  framing  of  cast  iron,  firmly  fixed  together 
by  the  stay  rods  By,  By  and  the  bridge  Cy.  A  heavy  disk,  D^,  of 
cast  iron  is  mounted  on  a  driving  shaft  Ey,  running  in  bearings 
fitted  to  each  side  of  the  framing.  One  of  these  bearings,  Fy,  is 
carefully  insulated  from  the  framing  by  suitably  formed  jjieces 
of  ebonite,  and  also  from  the  shaft  by  a  cylinder  of  the  same 
substance.  Through  the  side  of  the  dibk  and  parallel  with  its 
axis  sixteen  holes  arc  bored,  at  equal  angular  distances  from 

*  To  afTord  myself  Ifisure  to  cairv  out  my  dcsiiiiis  on  !i  liirjro  scale  with- 
out bciii^^  involved  in  (juestionsallcctin};  liie  priorily  of  my  lesidts,  n  i;eneral 
dt'scri])tion  of  llie  im])rovenieMts  wliicli  form  the  siil)jeet  of  this  jiaper  \\n.s 
deposited  in  due,  form  with  the  ("ommissioners  of  I'ateuts,  Loudon,  De- 
cend)er  1H()()  and  jMareli  l!»()7,  and  with  the  Ministerc  do  rAf^rieulturc  ct 
dcs  Travaux  publics,  l*aris,  .Tune  18()7. 
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each  other,  for  the  reception  of  the  same  number  of  cores  or 
armatures,  G^.  The  cores  ])roject  about  two  inches  through  each 
side  of  the  disk,  and  are  held  firmly  in  tlicir  places  by  screws 
tapped  through  its  periphery.  Around  each  inside  face  of  the 
circular  framing,  and  concentric  with  the  driving-shaft,  sixteen 
cylindrical  electromagnets  are  fixed  at  the  same  angular  distance 
from  each  other  and  i'rom  the  centre  of  the  shaft  as  the  iron  cores 
round  the  disk;  the  two  circles  of  magnets  consequently  have 
their  poles  opposite  each  other,  with  the  disk  and  its  circle  of 
iron  cores  revolving  between  them.  The  ends  of  the  cores  are 
terminated  with  iron  plates  of  a  circular  form,  which  answer  the 
double  purpose  of  retaining  the  helices  surrounding  the  cores  in 
their  places,  and  overlapping  for  a  short  distance  the  spaces  be- 
tween the  poles  of  the  electromagnets.  The  closing  of  the  marj' 
netic  circuits  of  the  electromagnets  and  armatures  for  a  short 
distance,  like  the  closing  of  the  electric  circuits  for  a  brief  in- 
terval at  the  point  of  no  current,  has  a  marked  influence  on  the 
power  of  an  electromagnetic  induction  machine, — both  contri- 
vances conspiring,  simultaneously,  to  maintain  the  magnetic 
intensity  of  the  electromagnets  during  the  rise  and  fall  of  the 
magneto-electric  waves  transmitted  through  the  helices. 

The  cylindrical  bar  magnets  are  each  coiled  with  059  feet  of 
copper  wire  0*075  of  an  inch  in  diameter,  insulated  with  cotton  ; 
the  helices  are  grouped  together  to  form  a  fourfold  circuit  2630 
feet  in  length,  and  are  joined  up  in  such  a  manner  that  adjacent 
magnets  in  each  circle,  as  well  as  those  directly  opposite  in  both 
circles,  have  north  and  south  polarity  in  relation  to  each  other. 
A  charge  of  permanent  magnetism  was  imparted  to  the  system 
of  electromagnets  by  the  current  from  a  separate  electromag- 
netic machine. 

The  armatures,  although  formed  of  sixteen  pieces  of  iron,  are, 
by  projecting  through  both  sides  of  the  disk,  thirty-two  in  num- 
ber. The  length  of  insulated  wire  on  each  armature  is  1 16  feet ; 
and  the  thickness  is  the  same  as  that  on  the  electromagnets. 
These  helices  are  divided  into  eight  groups  of  four  each,  and 
coupled  up  for  an  intensity  of  1  x  461  feet.  One  of  the  groups 
is  used  for  ])r()dueing  the  minor  current  for  exciting  the  circle 
of  electromagnets,  while  the  remaining  groups  are  joined  together 
for  a  quantity  of  seven,  and  an  intensity  of  four  for  the  produc- 
tion of  the  major  current  from  the  machine.  The  aggregate 
veight  of  wire  on  the  electronnignets  is  356  lbs.,  and  on  the  ar- 
matures 20  lbs.  The  helices  for  exciting  the  electromagnets 
are  connected  with  the  connnutator  II,  while  those  producing 
the  major  current  are  placed  in  connexion  with  the  rings  I,  K, 
or  in  place  thereof  with  another  commutator,  according  as  the 
alternating  or  the  direct  current  from  the  machine  is  required. 
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The  strength  and  proportions  of  the  several  parts  of  the  machine 
enable  it  to  be  driven  with  advantage  from  300  to  1000  revolu- 
tions per  minute. 

At  the  mediunv  velocity  of  500  revolutions  per  minute  the 
major  current  will  melt  eight  feet  of  iron  wire  0065  of  an  inch 
in  diameter  (No.  16,  B.  W.  G.),  and  will  produce  two  electric 
lights  in  series,  each  consuming  carbons  half  an  inch  square  at 
the  rate  of  three  inches  per  hour. 

When  driven  at  a  velocity  of  1000  revolutions  (equivalent  to 
16,000  waves)  per  minute,  the  current  will  fuse  twelve  feet  of 
iron  wire  0-075  of  an  inch  in  diameter  (No.  15,  B.  W.  G.) .  As 
soon  as  the  heating  or  fusing  of  an  iron  wire  of  a  given  length 
and  section  comes  to  be  an  acknowledged  measure  of  powerful 
electric  currents,  as  well  as  a  method  of  comparison  between  the 
power  of  electromotors  of  different  kinds,  as  it  must  ultimately 
be,  the  significance  of  this  result  will  be  fully  realized. 

At  the  velocity  of  1000  revolutions  per  minute  the  light  from 
two  sets  of  carbons  in  series  is  unendurably  intense,  as  well  as 
painful  to  those  exposed  to  its  immediate  influence.  Estimated 
on  the  basis  afforded  by  the  performance  of  the  excellent  mag- 
neto-electric-light machines  of  MM.  Auguste  Berlioz  and  Van 
Malderen,  who  have  made  a  careful  study  of  the  photometric  in- 
tensity of  the  electric  and  oil  lights,  the  power  of  the  new 
machine  is  equal  to  that  of  1200  Carcel  lamps,  each  burning  40 
grammes  (1*408  oz.  avoird.)  of  oil  per  hour,  or  of  9600  wax 
candles.  The  amount  of  mechanical  energy  expended  in  pro- 
ducing this  light  is  about  10  indicated  horse-power. 

A  comparison  between  the  power  of  the  new  machine  and  tliat 
of  the  lO-inch  machine  will  show  that  while  the  current  from 
the  former  fuses  twelve  feet  of  iron  wire  0*075  of  an  inch  in 
diameter,  the  current  from  the  latter  fuses  only  seven  feet  of 
wire  0065  of  an  inch  in  diameter,  and  is  consequently  only 
about  half  as  powerful  as  that  from  the  new  machine.  Besides 
tliis,  the  quantity  of  copper  used  in_the  construction  of  the  new 
machine  is  about  .'5o  hundredweight,  and  of  iron  15  hundred- 
weight, while  the  weight  of  these  metals  in  the  10-inch  machine 
is  29  and  60  hundredweight  rcsj)cctively.  In  other  words,  we 
have  in  the  new  machine  a  double  amount  of"  power  with  less 
than  one  fourth  the  amount  of  materials  employed  in  the  con- 
struction of  the  10-inch  machine. 

Anotlier  advantage  possessed  by  the  new  machine  is  the  great 
reduction  of  tcinjjcrature  in  the  armatures  by  their  rapid  motion 
through  the  air,  which  acts  much  more  efliciintly  than  the  circu- 
lation of  water  through  the  Jnagnct-cylinder.  By  increasing  the 
diameter  of  the  electromagnetic  circles  conjointly  with  the  num- 
ber of  electromagnets  and  armatures,  the  angular  velocity  of  the 
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machine  may  be  so  diminished  that  it  may  be  driven  directly 
from  the  crank  of  a  steam-engine^  concm-rcntly  with  an  increase 
of  electric  power  proportionate  to  the  number  of  electromagnets 
and  armatures  in  the  electromagnetic  cn-cles. 

"While  the  excitation  of  the  electromagnets  of  the  machine  by 
the  current  from  several  of  its  armatures  is  attended  with  some 
advantages  where  portability  is  required,  yet,  as  provision  has  to 
be  made  for  keeping  the  major  and  minor  currents  separate  from 
each  other,  the  commutator  arrangements  become  somewhat 
complicated,  and  faults  in  either  of  the  circuits  are  not  so  readily 
localized  as  when  a  separate  exciting  machine  is  employed.  In 
those  cases,  therefore,  where  conveniences  for  driving  separate 
machines  are  at  hand,  and  when  the  power  of  several  of  them  is 
required  simultaneously,  as  in  large  electro-depositing  establish- 
ments, some  advantage  will  be  gained  by  using  a  separate  ma- 
chine of  suitable  power  to  excite  the  electromagnets  of  several 
machines,  when  the  currents  from  the  whole  of  them  may  be 
utilized,  and  a  commutator  on  the  axis  of  each  machine  will  be 
dispensed  with. 

In  my  paper  "  On  a  Property  of  the  Magneto-electric  Current 
to  control  and  render  Synchronous  thellotations  of  theArmatures 
of  a  number  of  Electromagnetic  Induction  Machines  "*,  I  stated 
that  this  property  would  be  available  when  the  machines  were 
used  for  the  electro-deposition  of  metals  from  their  solutions. 
It  has,  however,  been  found  that  the  small  resistance  presented 
by  depositing  solutions  to  the  passage  of  the  currents  prevents 
this  property  from  manifesting  itself  (in  accordance  with  what  I 
stated  in  my  paper  respecting  the  eflfect  of  joining  the  poles  with 
a  good  conductor)  ;  and  it  is  only  when  the  machines  are  em- 
ployed for  the  production  of  electric  light  or  other  purpose 
where  the  external  resistance  is  considerable,  that  this  electro- 
mechanical function  of  the  current  comes  into  useful  operation. 

Before  concluding  my  description  of  this  further  development 
of  the  principle  of  electromagnetic  accumulation,  I  consider  it 
a  duty  I  owe  to  myself  as  well  as  to  science  that  I  should  not 
allow  to  pass  unnoticed  the  views  and  statements  of  certain 
writers  respecting  the  place  and  value  of  my  investigations  in 
the  history  of  natural  knowledge.  The  peculiar  good  fortune 
which  enabled  me  to  follow  up  the  discovery  of  a  great  princijile 
to  such  brilliant  results  has  contributed,  accidentally  in  some 
instances,  to  establish  the  idea  that  these  results  are  an  expan- 
sion of  Faraday's  discovery  of  magneto- electricity  rather  than  a 
distinct  step  in  electrical  science.  A  brief  glance  at  the  history 
and  progress  of  electricity  and  magnetism  will  suffice  to  show 

*  Proceedings  of  the  Literaiv  and  Philosophical  Society  of  Manchester, 
December  15,  18(j8.     Phil.  Mag.  S.  A.  vol.  xxxvii.  p.  b-i. 
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the  eri'oneousness  of  this  view,  and  also  that  my  discovery  bears 
only  the  same  kind  of  relation  to  that  of  Faraday  as  that  philo- 
sopher's discovery  does  to  those  of  Galvani,  Volta,  and  Grove  in 
galvanic  electricity,  and  of  CErsted,  Ampere^  Arago,  and  Stui*- 
geon  in  electromagnetism.  That  the  discovery  of  the  indefinite 
increase  of  the  magnetic  and  electric  forces  from  quantities  in- 
definitely small  is  a  fundamental  advance  in  electrical  knowledge, 
and  not  simply  an  expansion  of  known  principles,  or  an  improve- 
ment in  a  machine  (as  it  has  been  made  to  appear  by  some),  is 
evident  from  the  fact  that  the  principle,  since  its  enunciation  in 
1866,  together  with  my  invention  of  minor  and  major  magneto- 
electric  circuits,  has  been  embodied  in  the  machines  of  difi'erent 
forms  constructed  by  Ladd,  Holmes,  D'lvernois,  Gramme*,  and 

*  Comptes  Rendus  de  VAcad.  des  Sci.  July  1S71.  December  1872,  A 
novel  feature  in  the  machine  constructed  by  M.  Gramme  is  an  attempt  to 
arrive  at  a  nearer  approximation  to  the  continuous  current  of  the  voltaic 
battery  than  that  produced  from  a  magneto-electric  machine  when  rectified 
by  means  of  a  commutator  of  the  ordinary  construction.  This  refinement, 
however,  possesses  little  or  no  advantage  in  any  of  the  applications  of  mag- 
neto-electricity when  the  rectified  waves  succeed  each  other  at  the  rate  of 
5000  per  minute  and  upwards — a  rate  of  succession  easily  attainable,  and 
far  exceeded  by  the  machines  of  Berlioz  and  Holmes.  At  this  rate  the  dis- 
continuity of  the  waves  is  not  distinguishable  in  tlie  electric  light,  nor  in 
the  magnetization  of  electromagnets,  nor  on  galvanometer  needles,  nor  in 
electrolytic  ])rocesses ;  and  it  can  only  be  perceived  by  the  vibrations  of  a 
steel  spring  placed  before  tlie  poles  of  a  small  electromagnet  round  which 
the  current  is  transmitted.  Such  instrununit  would,  I  think,  also  indicate 
similar  points  of  maxima  and  minima  in  the  current  from  (Jramme's  ma- 
chine. As  the  armature-helices  in  this  machine  are  each  connected  with 
separate  ))ieces  of  metal,  forming  the  segments  of  a  circle,  from  which  the 
current  is  taken  by  means  of  ordinary  metallic  brushes,  the  number  of  he- 
lices producing  currents  avaihil)le  for  external  use  at  any  given  moment  is 
onlv  a  fraction  of  tliosc  constituting  the  whole  circle  ;  ami  consequently 
for  a  given  weiglit  of  materials  such  a  magneto-electric  machine  must 
be  greatly  inferior  in  power  to  machines  in  which  the  current  is  delivered 
from  the  whole  of  the  helices  simultaneously,  as  in  those  hitherto  con- 
structed. Tin;  substitution,  by  ]\I.  Gramme,  of  a  commutator  with  mul- 
tiple segments  insulated  from  each  otlicr  and  having  adjacent  segments  of 
the  same  polarity,  wlule  those  diametrically  opposite  have  a  polarity  differ- 
ent, requires  tlie  same  ])rccautions  to  be  taken  to  prevent  the  spark  at  the 
change  of  contacts,  and  is  subject  to  the  same  wear  from  friction  as  com- 
mutators of  tlie  ordinary  form,  in  which  the  segments  are  united  with  a 
common  metallic  base.  Moreover,  long  c\i)criencc  lias  in-ovcdthat,  for  the 
production  of  electric  liglit,  the  alternating  current  is  greatly  sui)eru)r  to 
the  coutiiuu)us  oiu; — as  commutators  are  dispensed  with,  and  it  has  the 
important  ail  vantage  of  consuming  the  carbons  eciually,  and  thereby  always 
retains  the  linninous  point  in  the  focus  of  any  optical  apparatus  used  in 
connexion  with  it. 

In  short,  M.  Gramme,  in  his  endeavour  to  reconcile  the  incomi)atible 
relations  of  the  voltaic  current  and  the  magneto-electric  wave  at  the  in- 
stant of  its  generation,  has,  jjy  inverting  the  order  and  functions  of  the 
organic  parts  of  an  orilinary  magneto-electric  machine  and  suppressing  the 
action  of  u  number  of  the  armature-hcliecs,  brought  about  results  retro- 
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others.  Moreover  Faraday  himself,  while  on  the  threshold  of 
my  discovery,  distinctly  negatived  its  possibility.  Reasoning  on 
the  magnet  as  a  source  of  electricity,  in  a  paper  "  On  the  Physical 
Character  of  the  Lines  of  Magnetic  Force  ^'  (Phil.  Mag.  S.  4. 
vol.  iii.  p.  415),  he  says,  "Its  analogy  with  the  helix  is  won- 
derful; nevertheless  there  is  as  yet  a  striking  experimental  di- 
stinction between  them ;  for  whereas  an  unchangeable  magnet 
can  never  raise  up  a  piece  of  soft  iron  to  a  state  more  than  equal 
to  its  own,  as  measured  by  the  moving  wire,  a  helix  carrying  a 
current  can  develope  in  an  iron  core  magnetic  lines  of  force  of  a 
hundred  or  more  times  as  much  power  as  that  possessed  by  itself 
when  measured  by  the  same  means.  In  every  point  of  view, 
therefore,  the  magnet  deserves  the  utmost  exertions  of  the  phi- 
losopher for  the  development  of  its  nature,  both  as  a  magnet 
and  also  as  a  source  of  electricity,  that  we  may  become  acquainted 
with  the  great  law  under  which  the  apparent  anomaly  may  dis- 
appear, and  by  which  all  these  various  phenomena  presented  to 
us  shall  become  one.^^  Now  it  was  the  precise  and  absolute 
manner  in  which  Faraday  stated  the  defiuiteness  of  the  relation 
between  the  magnetism  of  a  permanent  magnet  and  that  of  a 
piece  of  iron  magnetized  by  its  influence,  that  led  me  to  enun- 
ciate, in  terms  equally  absolute  and  precise,  the  antithesis  of 
his  proposition.  The  anomalous  difference  between  the  mag- 
netic properties  of  a  heUx  and  an  iron  core  to  which  Faraday 
directed  attention  is  explained  by  the  property  possessed  by 
an  iron  core,  when  surrounded  with  a  helix  of  great  length, 
of  acquiring  and  retaining  for  a  sensible  time  the  magnetic 
charge  in  a  manner  analogous  to  that  by  which  the  Leyden  jar 
acquires  a  charge  of  electricity — the  acquisition  of  the  charge 
in  the  former,  as  in  the  latter,  being  the  more  rapid  as  the 
power  of  the  electromotor  is  increased.  How  far  Faraday's 
hopes  and  preconceptions  of  the  electromagnet  as  a  source  of 
electricity  have  been  realized  the  results  described  in  this  and 
my  former  papers  will  show.  Already  has  it  superseded  the 
use  of  the  voltaic  battery  in  every  electro-depositing  establisli- 
ment  of  note  in  this  country,  and  it  is  making  rapid  progress 
abroad. 

That  the  transformation  of  mechanical  energy  into  other 
modes  of  force  on  so  large  a  scale  and  by  means  so  simple  will 
find  new  and  much  more  important  applications  than  that  above 

gressivc  from  those  previously  obtained  by  Nollet,  Bcrboz,  and  Ilohnes ; 
and  it  is  only  by  the  udoption  of  the  priueiple  of  electrodynauiic  accumu- 
lation (j.  e.  the  exciting  of  a  major  electromagnetic  induction  machine  by 
a  minor  one  fixed  on  the  same  base),  in  accordance  with  the  principles  laid 
down  in  my  former  jjapers,  that  the  results  obtained  by  M.  (jlranmie  exceed 
those  from  ordinary  magneto-electric  machines. 
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mentioned  is  one  of  my  most  firm  convictions.  Even  now 
several  of  such  applications  begin  to  foreshadow  themselves,  by 
which  the  electromagnet,  as  a  source  of  electricity,  is  destined 
hereafter  to  live  in  the  lives  of  the  millions  of  mankind  when 
the  memory  of  its  origin,  except  with  the  curious  and  the  learned, 
shall  be  forgotten. 


LVII.  The  first  Extension  of  the  term  Area  to  the  case  of  an 
Autotomic  Plane  Circuit.  By  Thomas  Muir,  M.A.,  Assistant 
to  the  Professor  of  Mathematics  in  Glasgow  University*. 

IN  this  country  mathematicians  know  of  the  use  of  the  word 
area  as  applied  to  au  autotomic  plane  circuit  through 
De  Morgan^s  paper  "  On  the  Extension  of  the  word  Area  "  in 
the  '  Cambridge  and  Dublin  Mathematical  Journal' for  1850, 
and  a  paper  consequent  upon  this  by  Sir  William  Thomson, 
"  On  the  Potential  of  a  Closed  Galvanic  Circuit  of  any  Form." 
The  use  may  be  shortly  yet  accurately  explained  thus  : — The 
course  followed  in  tracing  the  circuit  is,  first  of  all,  carefully 
marked  by  means  of  arrow-heads;  the  area  (in  the  ordinary 
sense)  of  each  cell  is  then  taken  a  certain  number  of  times,  viz. 
the  number  of  times  the  circuit  is  crossed  from  right  to  left 
diminislied  by  the  number  of  times  it  is  crossed  from  left  to 
right  in  coming  in  the  plane  from  a  point  wholly  outside  the 
circuit  to  any  point  within  the  cell  in  question  ;  and  the  sum  of 
these  products  is  the  area  of  the  circuit. 

This  extended  meaning  being  invaluable  in  the  generalization 
of  geometrical  theorems,  the  question  of  its  first  publication 
becomes  a  matter  of  some  importance  in  the  history  of  mathe- 
matics. De  Morgan  probably  consideied  himself  pioneer  in  the 
matter ;  he  says,  in  the  publication  above  cited,  "  no  such  ex- 
tension of  the  word  has  been  made  that  I  ever  met  with.''  The 
object  of  the  present  notice  is  to  direct  attention  in  correction  of 
this  to  a  paper  by  Alb.  Ludov.  Fried.  Meisterf  in  the  '  Gcittingen 
Conmicntarics'  for  17C9-70, entitled  "De  Genesi  Figurarum  Pla- 
narum  ct  inde  ])ciidcntibus  carum  Affectionibus,''  which  contains 
almost  all  that  even  yet  can  be  said  on  the  subject. 

The  ])apcr,  which  is  well  arranged  and  bears  marks  of  careful 
preparation,  extends  to  thirty-seven  pages  quarto,  and  is  illus- 
trated by  nine  large  plates  containing  in  all  about  fifty  separate 
figures.     After  a  j)refacc  of  lour  pages  and  a  short  introductory 

*  Coinnuiiiicatc'd  by  tlic  Autlior, 

t  A.  L.  Y.  Mfistor"  (born  17-1,  tlied  17S8)  wfts  Professor  of  Philosophy 
in  fj(jttin<;cn,  and  tl)c  luitlior  of  memoirs  on  n  variety  of  snbjeets — opties, 
hydrodyiuunics,  uiilitaiy  instriietion,  the  Egyj)tian  pyramids,  &c. 
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paragraph,  the  author  enters  upon  the  first  section  of  his  sub- 
ject, viz. : — 

Descriptio  figur<2  per  motum  recta  parallelum. 

At  the  outset  two  conventions  (or  lemmas,  as  they  are  called) 
are  adopted,  which  may  be  paraphrased  as  follows : — 

1.  A  straight  line,  whether  positive  or  negative,  having  par- 
allel motion  and  moving  first  in  one  direction  and  then  in  the 
opposite,  thereby  describes  parts  of  the  same  figure  which  are 
affected  with  opposite  signs. 

2.  A  straight  line  which,  during  motion  in  one  direction,  is 
at  one  time  positive  and  at  another  negative,  thereby  describes 
parts  of  the  same  figure  which  are  affected  with  opposite  signs. 

A  circuit  resembling  the  leniniscate  in  the  character  of  its 
area  is  then  considered.  The  describing  line  begins  at  g 
(fig.  1),  where  it  has  no  magnitude,  moves  parallel  to  itself  from 
g  to  c,  varying  the  while  in 
length,  changes  sign  in  pass- 
ing through  c,  and,  then  pro- 
ceeding as  before,  at  last  va- 
nishes and  ceases  to  move  at 
/.  The  area  of  the  figure 
g ac  efd cb g  is  therefore,  in 
accordance  with  the  second 
convention,  to  be  reckoned  as 
the  sum  of  two  areas,  g  a  c  bg 
and  cefdc,  affected  with  op- 
posite signs. 

As  one  might  without  spe- 
cial notice  consider  the  point 
c  in  this  figure  either  as  a 
mere  meeting-point  of  two 
portions  of  the  perimeter,  or 
as  a  point  of  actual  intersec- 
tion, the  resultant  area  being  -^ 
of  course  different  in  the  two  cases,  the  author  is  here  led  to 
remark  on  the  importance  of  indicating  in  the  diagram  the 
mode  of  tracing  the  circuit.  This,  he  says,  can  best  be  done 
by  traversing  the  perimeter  and  bordering  it  on  the  right  with 
one  colour  and  on  the  k-ft  with  another ;  so  that  at  points 
where  the  opposite  vertical  angles  have  the  same  colour,  the 
perimeter  merely  meets  itself;  and  where  they  have  different 
colours,  actual  intersection  takes  place.  The  colours  also  render 
important  help  in  determining  the  sign  which  affects  any  ])arti- 
cular  portion  of  the  figure.  On  this  ])rincij)lc  the  author's 
diagrams  are  drawn ;  but  instead  of  two  colours,  one  on  the 
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right  and  the  other  on  the  left,  he  uses  a  narrow  border  of  sha- 
ding lines  drawn  at  right  angles  to  the  circuity  and  alwa3's  on 
one  and  the  same  side  throughout  the  course  (see  figs.  3,  3) . 

The  next  diagram  being  taken  to  illustrate  the  application  of 
the  first  convention  may  be  passed  over,  as  both  conventions  are 
used  in  the  consideration  of  the  third  diagram,  to  which  we  shall 
now  refer,      a,  do,  en,  mi,  k  (tig.   2)    are  successive  positions 

Fig.  2. 


which  the  describing  line  occupies  in  the  course  of  its  parallel 
motion,  a  being  the  point  where  it  comes  into  existence,  and  k 
the  point  at  which  it  ceases  to  exist.  AVith  this  explanation  and 
the  guidance  of  the  conventions,  any  reader  may  easily  verify  the 
result  obtained  for  the  area,  which  is  "  -\-g]dk(j  -\- KkvK'^  +  ceZqdc 
+  aljerjfnopa,  so  that  the  jiart  cqSe  is  reckoned  twice,  and 
--lmfx\l—K//fK*  —  becb."  Moreover,  as  it  is  here  observed  that 
some  portions  of  area  external  to  the  perimeter  are  swept  in  by 
the  moving  line  only  to  be  sivrpt  out  by  it  later  in  its  course, 
there  arises  the  theorem — "The  area  which  a  straight  line  vary- 
ing in  length  from  zero  to  zero  describes  in  moving  parallel  to 
itself  is  equal  to  that  of  the  figure  whose  perimeter  is  described 
by  tlie  extremities  of  the  straight  line.'' 

In  the  next  place  is  considered  the  case  where  the  describing 
straight  line  during  its  motion  never  vanishes  (and  therefore 
never  changes  sign),  and  finally  returns  to  the  same  position 

*  Misprints  occur  here  in  the  original  through  a  confusion  of  tlie  Greek 
K  and  the  ItuUc  k. 
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and  magnitude  as  at  starting.  Here,  of  course,  the  extremities 
of  the  line  trace  out  independent  circuits,  the  algebraic  sum  of 
whose  areas  is  equal  to  the  area  described  by  the  line.  The 
consideration  of  a  particular  case  of  this,  viz.  that  in  which  the 
area  of  one  of  the  circuits  is  zero,  leads  to  a  rule  for  finding  the 
area  of  any  given  circuit ;  but  this  rule,  though  considered  rather 
elegant  {"  cuncijmiorcm  meihodum")  by  its  author  and  therefore 
deserving  of  systematic  proof,  is  cumbrous  and  troublesome  as 
compared  with  De  Morgan's.  On  this  account  it  is  not  repro- 
duced here. 

The  next  section  of  the  subject  is 

Descinptio  Jigurarum  per  mo  turn  rectce  circularem. 

The  introduction  starts  with  the  theorem,  "  Any  triangle 
is  equal  to  the  algebraic  sum  of  the  triangles  whose  common 
vertex  is  any  point  in  the  plane  of  the  given  triangle  and 
whose  bases  are  the  given  sides. '^  This  leads  to  the  more 
general  proposition,  "The  area  of  any  plane  figure  whatever 
(including,  of  course,  those  whose  perimeters  are  autotomic) 
is  equal  to  the  algebraic  sum  of  the  triangles  having  a  com- 
mon vertex  in  the  plane  of  the  figure  and  so  constructed  that 
their  bases  make  up  the  given  perimeter;"  it  being  pointed  out 
that  in  the  case  of  figures  whose  perimeter  is  curvilineal,  the 
simplest  set  of  triangles  is  obtained  by  drawing  from  the  given 
point  in  the  plane  all  possible  tangents  to  the  perimeter.  And 
now  thus  prepared  we  are  invited  to  consider  in  succession  the 
various  cases  of  the  description  of  figures  by  a  straight  line  re- 
volving now  in  one  way  now  in  another  round  a  fixed  point 
situated  in  the  direction  of  its  own  length.  These  cases  are  six 
in  number,  and  may,  for  the  sake  of  condensation,  be  logically 
arranged  as  follows,  the  author's  elucidations  being  omitted  as 
superfluous : — 

A.  When  the  describing  line  preserves  the  same  sign, 


{ 


a,  and  is  constant  in  length. 

b,  and  is  variable  in  length, 
ri,  centre  in  one  extremity  of  line. 

{(i)  [b)  <  2,  centre  between  extremities. 
[  3,  centre  in  line  produced. 


It  may  be  mentioned  that  many  of  the  theorems  in  this  section 
are  stated  alternatively  in  the  language  of  projections,  much  cir- 
cumlocution being  thus  obviated;  e.  g.  the  result  of  (A,  a,  3)  is 
put  thus  : — "  In  whatever  })lane  a  ])yramid,  however  truncated, 
may  be  projected,  the  pro  cctiou  of  the  bases  equals  the  projec- 
tion of  the  sides." 
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Lastly,  we  have 

Descriptio  figurarum  per  motum  rectte  quemounque. 

This,  though  more  interesting  and  requiring  more  elucida- 
tion than  the  others,  is  treated  very  briedy.  The  motion  con- 
sidered is  that  compounded  of  the  motions  of  the  two  prece- 
ding sections.  The  describing  line  is  now  subject  simultaneously 
to  translation  and  rotation ;  that  is,  it  rotates  round  a  variable 
centre.  In  certain  of  the  cases  as  many  as  three  circuits  must 
be  attended  to,  the  third  (not  hitherto  mentioned)  being  the 
locus  of  the  centre  of  rotation.  As  an  instance  of  this  the 
author's  thirteenth  figure  is  given  (see  fig.  3). 

Fig.  3. 


^^.#— ^^,^«.,^ 


The  remainder  of  the  paper,  comprising  seven  sections,  does 
rot  treat  dc  genesi  figurarum,  and  need  not,  therefore,  be  referred 
to  unless  in  the  most  cursory  manner.  It  may  be  said*  to  deal 
in  the  first  place  with  cognate  siiijjkcts,  c.  g.  the  imglcs  of 
rectilineal  figures  having  autotomic  perimeters,  multiple  circles 
{i.  e.  circles  of  N  x  360  degrees)  and  the  figures  inscribed  in 
them,  stellate  regular  jiolygons  (e.  e.  regular  j)()lygons  with  auto- 
toinif  perimeters),  ;ui(l  in  llie  seeoiid  ])hiee  with  Ari'MCATloXS 
of  tiic  new  ideas  to  thcexteusiou  of  known  geometrical  theorems. 
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LVIII.  Note  on  a  Crystallized  Compound  of  Sesquioxide  of  Iron 
and  Lime.  By  Joiix  Percy,  M.D.,  F.R.S.,  Lecturer  on  Mei 
tallurgy  at  the  Royal  School  of  Mines,  London*. 

IN  1861  I  published  the  following  statement  f: — "Sesquioxide 
of  ii'on  and  lime.    I  find  that  a  mixture  of  these  substances 
in  certain  proportions  yields  a  well-melted  slag.     A  mixture  con- 
sisting of  160  grains  of  pure  sescpiioxide  of  iron  and  100  of 
white  marble    (  =  56  grains  of  lime) — that  is,   in  the  ratio  of 
Fe^  0^  :  CaO — was  exposed  in  a  covered  clay  crucible  to  a  high 
temperature.     It  was  perfectly  melted,  and  when  broken  across 
resembled  a  black,  opaque,  vitreous  slag :  the  crucible  had  one 
large  perforation.     In  a  second  experiment  a  mixture,  according 
to  the  same  formula,  of  40  grains  of  sesquioxide  of  iron  and  25 
of  carbonate  of  lime  was  heated  in  a  clay  crucible  lined  with 
platinum-foil.     It  was  perfectly  melted,  and  escaped  through 
the  crucible.^'     As  in  these  experiments  the  heating  of  the  cru- 
cible was  effected  in  an  air-furnace,  and  as  the  product  was  not 
analyzed,  it  was  conceived  that  some  of  the  sesquioxide  of  iron 
might  have  been  reduced  to  protoxide,  with  the  formation  of 
a  proportionate  quantity  of  magnetic  oxide,   which,  it  is  well 
known,  is  fusible  at  a  high  temperature ;  for  H.  Hose  found  that 
when  sesquioxide  of  iron  was  heated  per  se  in  a  porcelain  kiln,  it 
was  reduced  to  magnetic  oxide,  which  melted.    In  order  to  settle 
the  point,  the  following  experiments  have  been  made.     An  inti- 
mate mixture  of  190  grains  of  sesquioxide  of  iron  and  66'5  grains 
of  lime  [i.  e.  in  the  ratio  above  mentioned)  was  kept  heated  to 
whiteness  in  a  platinum  vessel  during  several  hours  in  a  muffle, 
the  atmosphere  in  which  is  oxidizing,  and  left  to  cool  in  the 
furnace  during  the  night.     The  product  appeared  to  have  been 
perfectly  melted,  and  consisted  of  a  mass  of  interlacing  acicular 
crystals  exceeding  an  inch   in  length ;    it  had   a    dark  bright 
metallic  lustre ;  it  was  very  brittle,  and  when  in  the  state  of  fine 
powder  resembled  brown  iron  ore  in  colour;  its  fracture  was 
uneven  and  lustrous;  its  specific  gravity  was  4"693;  and,  what 
is  interesting,  it  was  magnetic. 

Its  composition  per  cent,  was  as  follows : — 


Sesquioxide  of  iron     . 

.     73-39 

Protoxide  of  iron   .     . 

.       0-72 

Lime       .... 

.     24-50 

Silica 

.       1-35 

Alumina       .... 

.       0-10 

10006 

•  Communicated  by  the  Author. 
t  MetaUurgy,  vol.  i.  p.  43. 
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The  existence  of  a  little  protoxide  of  iron  is  accounted  for  by 
the  presence  of  silica,  which  at  a  high  temperature,  even  in  an 
oxidizing  atmosphere,  reduces  sesquioxide  of  iron  to  protoxide, 
with  the  formation  of  silicate  of  this  oxide — thoush,  when  this 
silicate  is  heated  in  an  oxidizing  atmosphere  at  a  lower  tempera- 
ture^ its  protoxide  of  iron  is  converted  into  sesquioxide,  the  pro- 
duct after  such  treatment  being  merely  a  mechanical  mixture  of 
silica  and  sesquioxide  of  iron,  as  has  been  demonstrated  by  ex- 
periment. 

Assuming  the  existence  of  a  compound  represented  by  the 
formula  CaO,  Fe^  0^,  the  calculated  percentage  composition  is 

Sesquioxide  of  iron      .     .     74*07 
Lime 25-93 

ioo"oo 

A  comparatively  large  quantity  of  this  beautiful  substance 
has  recently  been  prepared  by  heating  a  mixture  of  1600  grains 
of  haematite  and  1000  grains  of  chalk  (  =  560  grains  of  lime)  in 
a  platinum  vessel  in  a  muffle,  precisely  as  in  the  last  experi- 
ment, except  that  at  first  the  temperature  was  carefully  mode- 
rated until  the  carbonic  acid  had  been  expelled  from  the  chalk 
and  the  mixture  had  become  soft.  The  mixture  was  kept  at  a 
white  heat  during  about  three  hours,  and  left  to  cool  gradually  in 
the  furnace  during  the  night  as  the  fire  died  out.  The  product 
weighed  2148  grains;  but  supposing  no  loss  to  have  occurred 
and  the  materials  to  have  been  pure,  it  should  have  weighed 
2160  grains.  It  had  the  same  characters  as  that  previously  de- 
scribed; and  some  of  the  crystals  on  the  surface  were  2  inches 
long. 

On  a  future  occasion  I  hope  to  be  able  to  communicate  in- 
formation concerning  the  crystalline  system  of  this  compound  on 
the  authority  of  a  trustworthy  crystallographer,  and  to  report 
the  results  of  analogous  experiments  with  other  oxides  of  the  lime 
and  sesquioxide  of  iron  types  respectively.  I  have  much  pleasure 
in  stating  that  the  foregoing  recent  experiments  have  been  con- 
ducted, in  the  metallurgical  laboratory  of  the  Royal  School  of 
Mines,  by  my  colleague,  Mr.  Kichard  Smith. 

In  chemical  constitution  this  compound  may  be  regarded  as 
a  lime  magnetite,  or  magnetic  oxide  of  iron  in  which  the  prot- 
oxide of  iron  is  replaced  by  lime. 

It  should  be  stat<  d  that  Lanipadius  more  than  seventy  years 
ago  subjected  various  mixtures  of  sesquioxide  of  iron  and  lime  to 
liigh  temperatures*  ;  but  as  his  experiments  were  made  either  in 
clay  crucibles,  or  in  similar  crucibles  lined  with  carbon,  the  re- 
sults are  obviously  unsatisfactory. 

*  Journal  Jes  Miuis,  \ol.  xviii.  j).  IG^t, 
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LIX.  Notices  respecting  New  Books, 
m  Strenath   of  Materials  and  Structures.     %  Joil>-  A>-3)EESoy, 

C.E,  Ll'd.:RE.8.K,  4r.    Londou :  Lougmaus,  Green,  and  Co.       . 

1872  (pp.  301).  ,.         ,   ,,,,  ^ 

rpHIS  book  consists  o£  two  parts  the  ^^  ^^^f^ 
i  streu-tli  of  materials,  as  depending  on  their  quality  and  as 
asoe^iS   by   testing-apparatus,"  the  secoiuyrea^^n.^^^^^^^^^ 

fn  the  first  mrt  after  a  few  preliminary  remarks,  the  anthor  gives 
Saccoim     of  the  machine  in  nse  at  AVoolwh  for   testing  the 
sLn^th  of  materials,  particnlarly  when  exposed  to  tensile  or  com- 
,res  he  stre^^^^^^^^  He  then  passes  in  review  the  principal  matenas 
sed  ii  constrnctions,  with  especial  reference  to  their  behaviour  m 
hftStLglachme      he  devotes  a   chapter   apiece    o  cast  iro^ 
wrought  i?on,  and  steel,  one  to  copper  and  ^t^er  niehils  and  th    r 
nllov^  one  to  timber,  and  finallv  gives,  somewhat  biiefl},  notices 
of  '^e  resistances   offered  by  materials,  to  impact,   torsion    and 
shearing!    The  results  obtained  by  experimen    are  gone  mo  ^  lih  a 
good^fal  of  minuteness,  and  are  also  recorded  m  Tables  ^huh 
fn  the  first  part,  are  as  many  as  thirty-eight  m  number.     Man^  ot 
W  Table    A^e  results  which  have,  to  all  appearance,  been  ol> 
and  under  f^e  author's  superintendence  ;  ofrs.reja^e^^^^^^ 
writings  of  authority,  e.g.  from  the  Eeport  of  the  Conmiissioners 
Tl^^ointed  to  inquii'e   into   the   Application  of   Iron  to  Kadway 

^Thirpa;t  of  the  work  contams  a  great  deal  of  valuable  informa- 
tion and  .^1  repay  attentive  stiuly  by  any  one  -teres  ed  in  nie- 
rhanical  science,  whether  a  workman  or  not      A  critical  reaaer 
St  notice  here  and  there  a  trace  of  want  of  practice  m  literary 
Zpos?tion     this,  however,  is  a  trifling  defect,  aiul  m  no..se 
diZishes  the  solid  value  of  a  book  written  by  one  who  has  had  a 
lonsr  and  intimate  acquaintance  with  his  sub]ect. 
The  se  ond  part  is  of  a  somewhat  miscellaneous  character;  it  is 
devoted     0  qnestions   regarding  the  strength  of  ^J^^"-'    ^c' 
bo  lers,  &c.     Its  chief  interest  consists  in  the  fact  that  the  stiuc- 
tures  which  come  under  discussion  have  been  actually  erected  b. 
t  le  an  hor.     The  reader  is  therefore  enabled  to  see  how  the  proper 
tcWai  rules  are  employed  in  desiginng  actual  works      lo  our 
mind  the  best  example  ^ven  in  this  part  of  the  work  is  tha  of  the 
SO^ton  crane,  which  forms  a  most  instructive  mechanica   "  ^tudy 

There  is  a  tendency  observable  throughout  the  book  to  treat  the 
subiect  as  if  it  consisted  of  isolated  points ;  even  where  ponits  aie 
:Zlv;onnected,thefactof  the  --V-VVZ  Sof ""?; 
A  good  instance  of  this  is  the  manner  m  ^^hK•h  the  autl oi  treats 
the  subiect  of  deflection.  He  lays  down  severa  rules  appl  - 
cable  to  the  subiect-for  instance,  that  a  rectangular  beam,  sup- 
porVed  a    both  ends  and  loaded  at  the  centre,  has  a  deflection  m 
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iuches  equal  to 


Notices  rcsj^ecting  New  BaoJcs, 
cube  of  length  in  feet  x  load  in  lbs. 


breadth  in  inches  x  cube  of  depth  in  inches  x  constant* 

The  Table  registers  the  "  constant "  needed  for  reduciue:  this 
formula  to  numbers  for  different  materials,  Now  this  constant  is 
merely  Young  s  "  modulus  "  in  disguise  ;  e.  g.,  in  the  case  of  -oTought 
iron  the  registered  "  constant"  is  64,221,  which  is  equivalent  to  a 
"  modulus  "  of  nearly  28,000,000  lbs.  per  square  inch.  There  are 
several  objections  to  this  way  of  treating  the  deflection  of  beams ; 
the  chief  is  that  it  leads  the  learner  to  regard  deflection  as  a  subject 
by  itself,  whereas  it  is  closely  connected  -n-ith  simple  extension  and 
compression,  produced  by  moderate  forces.  A  reader  who  had  not 
obtained  the  knowledge  elsewhere  would  not  suppose  that  there 
was  any  connexion  between  the  constant  just  mentioned  as  given 
in  Table  39,  and  the  experimental  results  registered  iu  the  early 
part  of  Table  8. 

There  is  another  point  which  may  be  noticed,  and  which  will  be 
best  introduced  by  extracting  a  part  of  p.  209.  The  figure  "  is,"  says 
the  author,  "  a  skeleton  diagram  of  the  form  of  trussed  beam  used 
for  overhead  travelling  cranes To  ascertain  the  strain  upon 


the  top  beam  of  such  a  sti-ucturc,  which  is  generally  of  timber, 
find  the  weight  acting  at  the  centre  ;  multiply  that  weight  by  half 

tiie  span  of  the  truss,  and  di-\-ide  by  the  depth  of  the  truss 

Let  the  beam  be  20  feet  span,  and  required  to  carry  6  tons  at 
the  centre;  the  depth  of  the  truss  is  usually  made  J-  of  the 
span,  and  in  this  example  is  2  ft.  6  in.  The  strain  along  the 
top  bar  will  be  10  x  G-^2^=24  tons.  The  compressive  strength 
of  timber  may  be  talcen  at  0000  lbs.  per  square  inch,  and  the 
safe  working  stress  at  J^  of  that  amount,  namely  GOO  lbs.,  and 
the  sectional  area  of  the  material  will  be  24x2240x600=89^ 
sq.  in."  The  author  adds  that  the  stress  on  CD  is  8-54  tons. 
We  have  no  olijection  to  make  to  the  conclusion  that  about  90 
square  inches  is  a  ])roper  section  for  the  beam  for  practical  pur- 
poses ;  nor  will  wo  do  more  than  notice  that  it  is  a  httle  hard  on 
the  reader  to  expect  him  to  find  out  for  himself  the  reason  of  the 
rule  by  which  tlie  result  is  obtained.  But  \\i\  think  the  author 
ought  "to  have  noticed,  and  perliajjs  to  have  insisted  on  the  point, 
that  it  is  highly  improbable!  that  the  stresses  will  have  in  n^ality 
the  values  assigned  to  them.  To  show  this  we  will  take  a  rather 
extreme  case,  and  simpose  that  the  beam  is  3  in.  wide  and  30  in. 
deep,  that  A  B  and  C  D  have  nuts  at  the  end  by  which  they  can  be 
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slightly  lengthened  and  shortened,  and  that  the  weight  of  the  truss 
can  be  neglected.  If  the  beam  were  not  trussed,  the  deflection  at 
the  middle  point  would  be,  according  to  tlie  tiiuber  employed, 
between  a  half  and  a  quarter  of  an  inch,  and  at  E  and  F  slightly 
less.  If,  then,  we  suppose  A  B  and  C  D  lengthened  sufficiently 
to  allow  of  the  points  E  and  F  drooping  to  this  extent,  the  com- 
pressive stress  along  A  D  instead  of  being  24  tons,  will  be  exactly 
nothing,  except  so  far  as  the  upper  part  of  the  beam  is  compressed 
in  the  act  of  bending.  If,  now,  A  B  and  C  D  ai-e  gradually  shortened, 
the  component  members  of  the  truss  will  be  brought  into  a  state 
of  stress,  the  amount  of  the  stress  being  determined  by  the  degree 
in  which  the  droop  at  E  and  E  is  i-educed.  At  each  turn  of  the 
nuts  the  stresses  wiU  be  varied ;  and  \Ahen  the  operation  is  com- 
pleted, the  amounts  of  these  stresses  will  in  themselves  be  determi- 
nate, but  \\-ill  depend  upon  the  extent  to  which  the  process  of 
screwmg  up  has  been  carried.  If  two  such  trusses  were  placed  side 
by  side,  under  apparently  similar  circumstances,  it  is  quite  possible 
that  their  actual  states  of  stress  might  be  materially  diSerent, 

In  spite  of  these  defects,  and  some  others  which  oiu'  limits  will 
not  allow  us  to  notice,  the  book  contains  very  much  that  is  valuable, 
and  we  can  cordially  recommend  it  to  the  notice  of  students  of 
mechanical  science. 

British  Rainfall,  1872,     Oominled  hj  Gr.  J.  Stmons.     London : 

E.  Stanford,  Charing  Ci-oss. 
T  The  ^^'ell-earued  character  of  this  very  useful  annual  A"olume  is 
full}'-  maintained  in  the  present  issue,  and  not  only  so,  but  it  con- 
tains three  features  of  unusual  interest — an  important  article  on 
the  measurement  of  snow,  an  examination  of  the  alleged  periodi- 
city of  rainfall  synchronous  with  the  period  of  sun-spot  frequency, 
and  a  comparison  of  rainfall  in  1872  with,  the  three  years  of  great 
rainfall,  1848,  1852,  and  1860.  In  the  article  on  the  periodicit}'  of 
rainfall,  Mr.  S^nnons  enters  at  some  length  into  the  reseai'ches  of 
Messrs.  Meldrum  and  Lockyer,  and  quotes  an  elaborate  paper  by 
Dr.  JeUnek  to  the  effect  that  taking  a  broad  view  of  the  sub- 
ject, the  evidence  is  conflictmg — a  result  that  Mr.  Sjtuous  had  pre- 
viously arrived  at.  Dr.  Jelinek  urges  the  impoi'tance  of  obtaining 
still  further  materials  for  estimating  the  coiuicxion  bet\\een  sun- 
spot  frequency  and  depth  of  rain,  and  advises  that  the  considera- 
tion of  the  data  should  be  proceeded  \nth  quietly  and  without  pre- 
judice. At  the  close  of  the  article  Mr.  Syuums  gives  a  list  of  some 
links  in  the  chain  which  binds  us  to  our  central  source  of  light  and 
heat,  in  which  we  find  "  auroriio  accordant  with  sun-spot  prevalence." 
This  reminds  us  that  there  is  another  link  not  mentioned  by  JNIr. 
Spnons,  viz.  the  diurnal  inequality  of  magnetic  declination.  Pro- 
fessor Loomis  has  furnished  tlu»  '  Ami'rican  .lournal  of  Science  and 
Arts'  \\\\\\  an  interesting  jiaper  o\\  the  sAiichronous  variations  of 
the  three  phenomena — sun-spot  frequency,  mean  diurnal  range  of 
magnetic  dechnation,  and  auroral  displays,  from  1776  to  1872, 
illustrated  ^^ith  the  curves  of  each.     From  the  thii'd  feature  above 
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mentioned  in  '  Britisli  Eaiufall,'  ^ve  gather  that  in  1872  the  greatest 
quantities  for  that  j-ear,  as  compared  ^^ith  the  other  three,  fell  at 
fif ty-sk  stations  out  of  eighty-two,  of  which  forty-five  gave  the 
maxima  for  the  years  1848  to  1872.  In  the  year  1852  sixteen  sta- 
tions furnished  the  greatest  falls,  fifteen  being  maxima  from  18-18 
to  1872.  In  1848  the  largest  falls  were  at  eight  stations,  five  being 
maxima  as  above.  In  1860  there  were  only  two  stations  at  which 
the  falls  were  the  greatest  for  the  four  years  named ;  there  Avere 
no  maxima  at  any  of  the  eighty-two  stations  in  1860.  Mr.  Symons 
gives  a  supplementary  Table  of  seventeen  stations,  at  each  of  which 
the  maximum  rainfall  occurred  on  other  years  than  the  four  wet 
years  discussed.  The  figures  quoted  from,  and  the  quantities  re- 
corded in  the  Table  of  comparison  mentioned  show  that  in  the 
majority  of  cases  1872  was  genercdhj  the  wettest  year  on  record. 

WeeMif  Weather  Reports  issued  hj  tlie  Meteorological  Office. 

"We  are  glad  to  find  that  the  Meteorological  Office  has  resumed 
the  issue  of  Weekly  Summaries  of  the  Weather  in  Western  Europe. 
It  is  intended  to  accompany  the  chart  issued  on  Wednesdays  by  a 
summary  of  the  "weather  during  the  previous  week,  so  that  each 
day's  map  will  be  more  readily  intelligible  when  examined  by  the 
light  throAATi  upon  it  by  the  summaiy,  the  course  of  a  depression 
more  easily  traced,  and  the  general  character  of  the  weather  much 
better  understood  than  it  can  be  from  the  mass  of  figures  comprised 
in  the  daily  reports.  There  is,  however,  one  feature  A^hich  we  are 
desirous  should  be  introduced;  it  is  a  publication  of  monihly  baro- 
metric curves  at  selected  pairs  of  stations  some  distance  apart  from 
each  other,  as,  for  example,  Ilaparanda  and  Bian-itz,  Christiansund 
and  Scilly,  Cuxhaven  and  Valencia,  Toulon  and  Stornoway.  If 
each  pair  of  curves  were  projected  on  the  same  line  of  abscissa>,  the 
ordinates  would  show  at  a  glance  the  direction  and  amount  of  the 
gradients  for  the  period  of  projection,  say,  one  month.  AVe  have 
no  doubt  that  one  or  two  pairs  of  curves  introduced  monthly  \\ould 
greatly  facilitate  certain  meteorological  inquiries,  and  indicate  the 
course  to  pursue  in  reference  to  other  stations. 


LX.  Proceedings  of  Learned  Societies. 

GEOLOGICAL  SOCIETY. 

[Continued  from  p.  39-i.] 

December  4,  1872.— Prof.  P.  ]\rartin  Duncan,  F.K.S.,  Y.P., 
in  the  Chair. 

'T^HE  following  communications  were  read : — 
^    1.  "  On  the  Tremadoc  liocks  in  tlic  neighbourliood  of  8t.  David's, 
South  Wales."     By  Henry  Hicks,  Esq.,  F.G.8. 

The  author  stated  that  Tremadoc   rocks   occur  in  three  distinct 
places  near  »5t.  David's,  namely  iu  Bamscy  Island,  at  the  north  end 
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of  Whitcsand  Bay,  and  over  a  considerable  tract  of  country  about 
5  miles  east  of  St.  David's.  They  rest  conformably  on  the  Lingula- 
flags,  and  are  about  1000  feet  thick  in  Ramsey  Island.  The  author 
noticed  the  fossils  found  in  these  deposits,  nearly  all  of  which  are  of 
new  species,  and  stated  that  the  paljcoutological  evidence  proves  these 
rocks  to  bo  nearly  allied  to,  if  not  identical  with,  the  lower  part  of 
the  Tremadoc  rocks  of  Xorth  Wales.  The  Upper  Tremadoc  rocks  of 
North  Wales  seem  to  be  represented  at  St.  David's  by  the  so-called 
Arenig  rocks  which  overlie  the  deposits  described  in  the  present 
paper.     The  new  species  described  by  the  author  are  as  follows : — 

Kesewetus  (g.  n.  Trilob.)  raimeyensls,  quadratus,  recurvatus, 

and  elongatiis. 
Niohe  memtpice  and  soJvensis. 
TJieca  Davklii. 

Bellerophon  ramseyensls  and  solvensis. 
Palasterina  ^ronsei/oisis. 
Dendrocriniis  cambrensis. 
Clenodonta  menapiensis  and  camhrensis. 
P(dcearca  Hop)l-hisoni  and   oboloidea. 
GJyptarca  (g.  n.)  priinftva,  and  Lobleyi. 
David ia  (g.  n.)  ornata  and  j:)7a)i«.' 
Modiohpsis  ramseyensis,  Homfrayi,  sohensis,  and  camhrensis. 

He  also  noticed  the  occurrence  in  the  deposit  of  Lhigidella  Bavisii, 
M'Coy,  Linrjida  petahn.  Hicks,  Obohlla  plicata,  Hicks,  Orthis 
Carausii,  Salt.,  and  menapm,  Hicks,  and  Eophyton  explanatus, 
Hicks. 

2.  "  On  the  Phosphatic  Nodules  of  the  Cretaceous  Rock  of  Cam- 
bridgeshire."    By  the  Rev.  0.  Fisher,  M.A.,  F.G.S. 

The  author  stated  that  this  paper  was  founded  upon  one  read  by 
him  before  the  Society  in  "May  last,  but  subsequently  withdrawn,  in 
couseqiiencc  of  his  obtaining  information  which  necessitated  a  change 
of  opinion  upon  certain  points.  The  new  portion  related  chiefly  to 
those  nodules  which  had  been  regarded  as  belonging  to  Porosponc/in 
or  Scyphia,  the  fenestrated  structure  shown  in  sections  of  which  the 
author  now  identified  with  the  structure  of  VcntricuUtes,  as  de- 
scribed by  Mr.  Toulmin  Smith,  the  whole  arrangement,  and  espe- 
cially the  presence  of  an  octahedral  figure  at  the  nodes  where  the 
fibres  of  the  framework  intersect  one  another,  being  in  favour  of 
this  determination.  The  author  described  the  peculiarities  of  these 
octahedra,  and  dwelt  particularly  upon  the  fact  that  these  sections 
of  phosphatic  nodules  showed  clearly  that  the  fibres  are  really  tubular, 
and  not,  as  Toulmin  Smith  supposed,  solid. 

3.  "  On  the  Yentrlculitidae  of  the  Cambridge  Upper  Greensand." 
By  W.  Johnson  Sollas,  Esq.,  Associate  of  the  Royal  School  of  Mines, 
London. 

A  collection  of  supposed  sponges  found  in  the  Cambridge  Upper 
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Greensand  had  been  in  part  referred  to  the  genera  ScypTiia  and 
Porospongia,  and  in  part  left  unidentified.  An  examination  of  sec- 
tions of  these  forms  by  the  microscope  had  revealed  all  the  details  of 
Yentriculite  structure ;  and  a  careful  comparison  with  Mr.  Toulmin 
Smith's  descriptions  and  specimens  had  resulted  in  the  identification 
of  those  examined  with  some  four  of  Mr.  Smith's  species  ;  thus 
Sct/phia  tessellata  was  shown  to  be  equivalent  to  Ventriculites  tessel- 
latus  (or,  more  correctly,  V.  texturatus),  Porospongia  oceUata  to  V. 
cavatus,  and  otber  unnamed  forms  to  V.  quincuncudis  and  V.  mam- 
millaris  respectively.  The  occurrence  of  ventriculite-structure 
in  coprolitic  material  presents  a  favourable  opportunity  for  a  fresh 
inquiry  into  its  nature  ;  accordingly  the  author  described  the  minute 
characters  of  the  hexaradiate  elements  of  which  the  skeleton  is  com- 
posed, and  the  combinations  of  these  hexradiates  with  one  another. 
Abnormalities  occur  sometimes  by  the  hexaradiates  becoming  hepta- 
radiate  or  pentaradiate,  and  sometimes  by  some  of  their  rays  bend- 
ing quite  away  from  their  normal  course.  The  whole  of  the  skeleton 
fibre  is  distinctly  tubular.  Since  the  Yentriculite  fibres  have  now 
been  found  fossilized  in  chalk,  flint,  and  calcic  phosphate,  there 
can  be  little  doubt  that  they  were  keratose,  and  not  siliceous  in  their 
nature.  If  this  be  so,  we  have  a  difference  between  Yitrea  and 
YentricuUtidfc  of  ordinal  value  at  least,  and  we  must  look  for  allies 
to  the  Yentriculitcs  among  the  horny  sponges.  Verongia  resembles 
Ycntriculites  in  the  simple  hollow  cavity  of  its  fibre  and  the  non- 
spiculate  character  of  its  skeleton ;  DarivineUa  ofters  a  resemblance 
in  its  hexaradiate  horny  spicules,  and  SpongionelJa  in  the  regular 
arrangement  of  its  fibres.  These  three  genera  are  indices  of  the 
directions  in  which  the  Kcratosa  tended  to  vary.  At  a  very  early 
period  great  variation  occurred  among  the  Keratosa,  which  already, 
at  the  time  of  the  "VYcisse  Jura,  had  evolved  such  highly  symmetrical 
speciaUzed  forms  as  the  Ycntriculites.  These,  with  their  contemporary 
variations,  such  as  Yerongioid  forms,  lived  on  in  great  numbers 
throughout  the  Mcsozoic  period,  with  the  close  of  Avhich  the  Ycntri- 
culites altogether  disappeared  ;  while  their  nearest  allies  dwindled 
down  to  the  dwarfed  and  rare  genera  Verongia,  DarivineUa,  and 
perhaps  Spongionella. 


LXI.  Intelligence  and  Miscellaneous  Articles. 

AMERICAN  ASTRONOMY. 

APPEKDIX  lY.  of  tlie  'Wasliiiigloii  Observations'  for  1871 
contains  a  most  interesting  account  of  the  bounding  and  Pro- 
gress of  the  United-States  Kaval  Observatory  by  Professor  JVourse, 
in  which  the  earliest  steps  taken  towards  the  establishment  of  an  ob- 
servatory, the  difTiciilties  encountered  during  a  period  of  forty  years 
in  carrying  out  the  design,  the  meteorological  A\ork  under  the  super- 
inlendcnce  of  the  laic  Commander  ]\laury  fnini  1^-14  to  ISO],  tlu; 
devotion  of  the  capabilities  of  the  establishment  to  purely  astrono- 


Intelligence  and  Miscellaneous  Articles.  463 

niical  work  during  the  ten  years  1861-1871,  and  its  present  equip- 
ment and  personnel  are  fully  set  forth.  The  original  germ  of  the 
observatory  first  came  iuto  existence  ia  connexion  with  an  occulta- 
tion  of  ?j  Tauri  observed  near  the  President's  house  on  October  20, 
1804,  from  which  Mr.  Lambert  determined  the  approximate  longi- 
tude of  the  capitol  to  be  70°  53'  6"-920  west  from  Greenwich.  It 
was  between  five  and  six  years  after  the  occurrence  of  this  occul- 
tation  that  a  memorial  was  presented  to  the  House  of  Eepreseuta- 
tives  urging  the  estabUshmeut  of  ajirst  meridian  at  AVashingtou. 
From  the  presentation  of  a  report  on  this  memorial  to  the  final 
establishment  of  the  obserAatory  and  its  entering  on  its  work  in 
1844,  the  reader  is  presented  ^ith  a  variety  of  iuterestiug  docu- 
ments relative  to  the  negotiations  for  this  great  national  object, 
which  may  be  read  ^vith  great  advantage  by  all  who  cultivate  astro- 
nomy. The  following  extracts  selected  from  amongst  these  docu- 
ments will  convey  to  the  reader  an  idea  of  the  appreciation  of  the 
high  value  of  astronomy  by  the  American  mind, 

"  The  express  object  of  an  observatory  is  the  iucrease  of  know- 
ledge by  new  discovert/.  The  physical  relations  between  the  firma- 
ment of  heaven  and  the  globe  allotted  by  the  Creator  of  all  to  be 
the  abode  of  man  are  discoverable  only  by  the  organ  of  the  eye. 
Many  of  these  relations  are  indispensable  to  the  existence  of  human 
life,  and  perhaps  of  the  earth  itself.  AVho  can  conceive  the  idea 
of  a  world  without  a  sun,  but  must  connect  with  it  the  extinction 
of  light  and  heat,  of  all  animal  life,  of  all  vegetation  and  produc- 
tion, leading  the  lifeless  clod  of  matter  to  return  to  the  primitive 
state  of  chaos,  or  to  be  consumed  by  elemental  fire  ?  The  influ- 
ence of  the  moon,  of  the  planets — our  next-door  neighbours  of  the 
solar  system — of  the  fixed  stars  scattered  over  the  blue  expanse  ia 
midtitudes  exceeding  the  power  of  human  computation,  and  at  dis- 
tances of  which  imagination  herself  can  form  no  distiuct  concep- 
tion ;  the  influence  of  all  these  upon  the  globe  which  we  inhabit 
and  upon  the  condition  of  man,  its  d\-ing  and  deathless  inhabitant, 
is  great  and  mysterious,  and,  in  search  for  final  causes,  to  a  great 
degree  iuscrutable  to  his  finite  and  limited  faculties.  The  extent 
to  which  they  are  discoverable  is,  and  must  remain  unknown ;  but 
to  the  vigilance  of  a  sleepless  eye,  to  the  toU  of  a  tireless  hand,  and 
to  the  meditations  of  a  thiuking,  combining,  and  analyzing  mind 
secrets  are  successively  revealed,  not  only  of  the  deepest  import  to 
the  welfare  of  man  in  his  earthly  career,  but  which  seem  to  lift  him 
from  the  earth  to  the  threshold  of  his  eternal  abode,  to  lead  him 
blindfold  up  to  the  Council  Chamber  of  Omnipotence,  and  there 
stripping  the  bandage  from  his  eyes,  bid  him  look  undazzled  at 
the  throne  of  God." 

"  It  is  to  the  successive  discoveries  of  persevering  astronomical 
observation  through  a  period  of  fifty  centuries  that  we  are  indebted 
for  a  fixed  and  permanent  standard  for  the  measuremi^ut  of  time  ; 
and  by  the  same  science  has  man  acquired,  so  far  as  he  possesses 
it,  a  standard  for  the  measurement  of  space.     A  standard  for  the 
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measurement  of  the  dimensions  and  distances  of  the  fixed  stars  from 
ourselves  is  yet  to  be  found  ;  and  if  ever  found,  it  will  be  through 
the  means  of  astronomical  observation.  The  influence  of  all  these 
discoveries  upon  the  condition  of  man  is,  no  doubt,  infinitely  diver- 
sified in  relative  importance ;  but  all,  even  the  minutest,  contri- 
bute to  the  increase  and  diffasion  of  knowledge.  There  is  no 
richer  field  of  science  opened  to  the  exploration  of  man  in  search 
of  knowledge  than  astronomical  observation ;  nor  is  there,  in  the 
the  opinion  of  this  Committee,  any  duty  more  impressively  incum- 
bent upon  all  human  go^'eruments  than  that  of  furnishing  means 
and  facihties  and  rewards  to  those  who  devote  the  labours  of  their 
lives  to  the  indefatigable  industry,  the  unceasing  vigilance,  and  the 
bright  intelligence  indispensable  to  success  in  these  pursuits." 

Erom  the  time  Commander  Maury  entered  on  his  duties  to  the 
present,  the  course  of  the  "  Xaval  Obseiwatory "'  has  been  one  of 
onward  progress.  The  meteorological  work  was  great ;  but  a  gi'eater 
astronomical  work  was  proposed,  that  of  assigning  to  every  star  in 
the  heavens  that  could  be  seen  with  the  observatory  instruments  its 
colour,  position,  and  magnitude.  This  noble  work  was  begun  and 
carried  on  until  1849,  when,  the  corps  of  computers  proving  alto- 
gether insufficient  to  keep  pace  with  the  observers,  it  was  discon- 
tinued. Nevertheless  much  valuable  work  has  been  accomplished 
since,  as  a  reference  to  the  volumes  and  reports  will  show. 

We  cannot  close  this  notice  of  the  progress  of  astronomical 
science  in  the  United  States,  at  one  observatory  only,  without  re- 
ferring to  the  contemplated  extension  of  optical  power  in  the  erec- 
tion of  a  refracting  telescope  of  good  definition  and  of  26  inches 
clear  aperture,  now  in  course  of  construction  by  Messrs.  Alvau 
Clark  and  Sons.  This  instrument  is  to  be  completed  within  four 
years  of  the  date  of  contract  (June  30,  1871),  or  thereabouts. 
Doubtless  in  the  hands  of  such  zealous  observers  as  constitute  the 
staff  of  the  observatory  it  will  do  good  service  to  astronomical 
science,  and  contribute  in  no  small  d(>gree  to  uphold  the  position 
now  accorded  to  the  United-States  Xaval  Observatory  by  the  spon- 
taneous verdict  of  the  scientific  men  of  the  Old  World. 


ON  THE  SUDDEN  COOLING  OP  MELTED  GLASS,  AND  PARTICULARLY 

ON  "  Rupert's  drops.  "     uy  v.  de  luynes. 

The  bursting  produced  in  "Itupert's  drops"  the  momont  the 
thin  end  is  broken  off  has  been  hitherto  attributed  to  the  state 
of  forced  dilatation  of  the  interior.  It  is  supposed  tliat  tlio 
external  layer,  suddenly  solidified  by  cooling,  \\  hile  the  inner 
portions  are  still  hot  and  much  expanded,  compels  the  latter,  to 
whieh  it  remains  adlierent,  to  retain  a  volume  gn-aler  than  that  to 
which  they  would  be  reduced  if  tlie  whole  drop  had  been  cooled 
slowly  ;  hence  a  state  of  unstable  ecpiilibriiim,  w  hich  is  only  main- 
tained by  the  resistance  of  the  outer  layers;  so  Ihat  mIicu  this  re- 
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sistance  is  destroyed  by  breaking  off  the  thiu  end  or  another 
portion  of  the  drop,  the  state  of  equihbriuni  ceases  and  bursting 
takes  place. 

The  experiments  whose  results  I  have  the  honour  to  present  to 
the  Academy  seem  to  prove,  on  the  contrary,  that  the  effects  in 
question  are  chiefly  due  to  the  peculiar  condition  of  the  exterior 
layers,  and  that  the  interior  play  no  part,  or  only  a  secondary 
part,  in  the  phenomenon. 

The  mechanical  actions  by  means  of  which  the  drops  are  ordi- 
narily broken,  necessarily  produce  vibrations  in  the  glass,  the  effect 
of  which  it  is  impossible  to  appreciate.  That  is  why,  in  this  in- 
vestigation, 1  have  preferred  to  make  use  of  fluorhydrie  acid,  the 
action  of  which  can  be  moderated  at  pleasure,  and  which  permits 
us  to  destroy  at  will,  and  \\ithout  any  shock,  any  portion  we  wish 
to  attack. 

On  suspending  a  Eupert's  drop  by  a  thread  over  a  platinum 
vessel  containing  fluorhydrie  acid,  in  such  a  manner  that  the  extre- 
mity of  the  thin  end  dips  into  the  liquid,  we  find  that  \\-e  can  always 
dissolve  the  whole  of  the  thiu  end  without  destro\'ing  the  drop ; 
but  when  the  acid  touches  the  origin  of  the  neck  (that  is,  the  point 
of  divergence  of  the  pear),  equihbrium  is  always  broken ;  the  drop 
then  separates  into  a  great  number  of  fragments,  and  in  most  in- 
stances without  explosion. 

Reciprocally,  the  swollen  part  may  be  immersed  in  the  acid,  the 
origin  of  the  neck  and  the  whole  of  the  thin  end  being  kept  out  of 
the  liqiud ;  in  this  case  the  drop  is  completely  dissolved  \\ithout 
rupture,  and  the  thin  end  remains  intact.  If  v,-ith.  ditft^rent  drops 
the  experiment  is  arrested  at  different  stages  of  the  dissolution,  it 
is  found  that  the  nucleus  which  remains  presents  no  longer  the  pro- 
perties of  the  original  drop  ;  it  no  longer  breaks  up  when  the  thin 
end  is  broken  off — which  shows  clearly  that  the  interior  mass  of 
the  glass  does  not  intervene  in  the  phenomenon. 

These  two  experiments  prove  at  once  that  the  stability  of  the 
drop  is  bound  up  with  the  existence  of  the  origin  of  its  neck,  since 
whenever  it  is  preserved  no  disaggregation  of  the  drop  takes  place. 

Now  it  is  known  that  chilled  glass  remains  more  expanded  than 
if  it  had  been  cooled  slowly  ;  the  exterior  layers  of  the  drop,  more 
strongly  chilled,  are  more  expanded  than  the  interior  layers,  which 
have  occupied  more  tiuie  in  cooHug.  We  may  therefore  regard  the 
drop  as  formed  by  the  superposition  of  layt^rs  of  glass  unecpially 
chilled  and  expanded,  cemented  to  one  another.  The  exterior 
layers,  kept  by  the  resistance  of  the  interior  ones,  can  only  \-ield  to 
the  force  of  elasticity  wliich  soUcits  them  if,  through  any  cause 
whatever,  they  are  all  at  tlie  same  time  set  free  to  return  to  their 
normal  state  of  expansion. 

It  results,  moreover,  froni  the  form  of  the  drop,  that  all  these 

layers,  unequally  stretched,  meet  together  at  the  origin  of  the  neck ; 

so  that  oil  destroying  this  the  common  ])oint  of  resistance  vanishes, 

and  these  layers,  the  actions  of   elasticity  of  which  are  added  to- 
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gether,  are  displaced  along  the  same  directions  and  produce  the 
disaggregation  of  the  system. 

If  this  supposition  is  correct,  one  might  make  a  drop  burst  by 
cutting  it  at  the  large  end,  in  such  a  manner  as  to  set  free  at  one 
of  their  extremities  the  unequally  chilled  layers  of  glass.  This  is, 
in  fact,  what  takes  place  ^A^hen  the  large  end  of  the  drop  is  ground 
off  in  a  lathe,  or  when  Ave  attempt  to  saw  it ;  the  explosion  always 
takes  place  as  soon  as  a  little  more  than  half  of  the  thickness 
has  been  attacked. 

Another  consequence  of  this  h^^othesis  is,  that  the  vitreous 
molecules  will  be  displaced  in  n  direction  different  according  to  the 
manner  in  which  rupture  takes  place.  This  displacement  should  be 
greater  for  the  exterior  than  for  the  interior  layers,  which  are  less 
expanded  ;  and  it  is  almost  nil  for  the  central  portions,  which  have 
not  been  chilled  at  all  or  but  very  little.  Consequently,  on  consi- 
dering the  molecules  in  a  plane  transverse  section  of  the  drop,  the 
eccentric  molecules,  belonging  to  the  more  expanded  layers,  Mill  be 
more  displaced  than  those  situated  nearer  to  the  centre,  which  will 
be  less  and  less  so  as  they  are  further  from  the  surface ;  so  that 
after  the  rupture  this  plane  section  will  have  the  appearance  of  a 
conic  surface  formed  of  little  needles  of  glass,  arising  from  the 
shrinkage  on  all  sides ;  and  the  direction  of  the  summits  of  these 
sorts  of  cones  \Aill  indicate  that  in  u  hich  the  displacement  of  the 
molpcules  has  taken  place. 

if  the  thin  end  be  broken  off,  the  shrinking  will  be  towards  the 
bulb,  and  all  the  summits  of  the  cones  will  ])e  directed  towards  the 
thin  end.  If  the  explosion  be  caused  by  sawing  the  big  end  of 
the  drop,  the  cones  will  have  their  siinunits  directed  towards  the 
big  end. 

That  this  is  what  in  fact  happens  1  lia\  e  ascertained  by  operating 
in  the  following  manner.  I  fit  some  liupert's  drops  in  plaster, 
covering  only  a  little  more  than  half  of  their  thickness.  The  thin 
end,  which  is  l(4"t  protruding,  1  immerse  in  fluorhydric  acid.  The 
moment  the  neck  is  attacked  the  drop  is  disaggregated,  Avith  or 
without  explosion  ;  and  the  fragments  constitute,  by  their  grouping, 
a  series  of  conic  assemblages  encased  one  within  another  and  hav- 
ing their  summits  towards  the  thin  end.  On  sawing  the  big  end, 
the  snirnnits  have  the  op])osite  direction  ;  and  if  the  drop  is  sawn  in 
the  middl<%  the  two  op])osite  arrangements  are  observed  on  the  two 
sid(^H  of  the  incision.  Operating  while  the  plast(^r  is  fresh,  we  can 
easily  detju-h  the  fragments  of  tht^  drop  aiul  cstablisti  all  the  results 
I  have  stated. 

These  facts  demonstrate  that  in  tlie  drop  the  glass  is  in  no  pecu- 
liar condition  other  than  that  which  arises  from  tlic  un(>qual  expan- 
sion resulting  from  t}i(^  difference  of  cooling. 

Analogous  phenomena  are  presented  by  thick  glass  rods  which 
are  chilled  naturally  by  cooling  in  the  air  at  the  moment  of  their 
fabrication.  Wheti  these  rods  (which  have  alwavs  some  curvjiture) 
are  heated  at  one  end,  it  «ometimes  Imppens  that  thev  break  along 
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their  whole  length,  the  fracture  beiiig  coiiic  and  acicular.  E  am 
indebted  to  the  kindness  of  M.  Friedel  for  a  fine  specimen  of  this 
kind.  The  tnbes  obtained  by  letting  melted  glass  flow  in  threads 
of  more  or  less  thickness  into  water  possess  in  a  high  degi'ee  the 
explosive  properties  of  Kupert's  drops.  They  have  almost  always 
the  form  of  cork-screws,  on  account  of  the  extreme  expansion  of 
the  upper  layers  ;  and  dipping  the  extremity  in  fluorhydric  acid  is 
sometimes  sufficient  to  cause  an  instantaneous  explosion,  with  the 
same  characters  in  the  fracture.  In  fine,  the  lumps  of  glass  which 
remain  at  the  extremities  of  the  canes  by  means  of  which  the  tubes 
are  drawn  have  the  form  of  large  Enpert's  drops,  and  are  of  consider- 
able weight.  When  these  are  detached  from  the  cane  they  are  in 
the  condition  of  a  drop  of  which  the  bulb  has  been  sawn :  during 
their  cooling  in  the  air  they  break  up,  throwing  off  splinters  with 
nolence ;  and  their  fracture  is  identical  with  that  of  the  small  drops 
broken  at  the  big  end.  A  fragment  of  one  of  these  large  drops, 
which  1  had  brought  from  the  works  of  MJM,  Appert  at  La  Yillette, 
presented  an  interesting  phenomenon :  on  slightly  squeezing  it 
between  my  linger  and  thumb,  a  considerable  disengagenieut  of  heat 
was  produced  ;  the  temperature  rose  to  about  4( »°  C.  This  confirms 
the  results  obtained  by  M.  Dufour  concerning  the  heat  disengaged 
during  the  explosion  of  Rupert's  drops. 

The  existence  of  layers  cooled  with  unequal  suddenness  in  the 
thickness  of  the  glass  affords  an  explanation  of  the  brittleness  of 
chilled  glass.  In  fact  we  may  suppose  that,  on  account  of  the  low 
heat-conductivity  of  glass,  a  very  tliin  layer  at  the  surface  is,  from 
whatever  cause,  cooled  with  sufficient  suddenness  to  be  in  a  very 
different  state  of  expansion  from  that  of  the  layers  beneath.  The 
least  shaking,  or  the  slightest  change  of  temperature,  will  cause  it 
to  break ;  and  the  fissure  will  be  propagated  in  the  mass  of  the 
glass  :  exactly  the  same  thing  takes  place  when  a  crack  shows  itself 
on  pottery  the  glaze  of  which  has  been  ill-compounded. — Comptes 
Rendus  de  VAcademie  des  Sciences,  vol.  Ixxvi.  pp.  .S4<) -;i49. 


ON  A  METHOD  OF  MEASURING  INDUCE  0  CURRENTS. 
BY  F.    H.   BIG K LOW. 

If  a  Wheatstone"s  bridge  be  formed,  in  which  the  secondary  coil 
of  the  inductorium  is  the  resistance  Ji,  to  be  measured,  the  relation 
between  the  resistances  will  be  expressed  by  the  i)roporfion  R^  :  R^ 
=  113  :  li,,  where  Kg  and  11,  are  in  a  fixed  ratio.  Bv  passing  a  cur- 
rent from  an  independent  baltery  through  the  ])rimary  coil,  thc^ 
strength  of  the  current  in  R^  will  be  increased  ordiiiiiTiished  on  the 
breaking  or  making  of  the  inducing  current.  ThereF()n%  to  preserve 
equilibrium  in  the  Iiridge,  R^  nuist  be  changed,  and  we  shall  have 
R, -J-C  :  R,^  +  .r=R.,  :  R,,  in  whicli  .c  is  a  resistance  equivalent  to 
the  effect  of  the  induced  ciuTent.  Let  R, +t'be  found  by  trial 
such  th:it  tlic  adilition  or  suhtraclinn  of  tlic  imhiri'd   current  will 
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produce  equilibrium  in  the  bridge — that  is,  will  be  such  as  to  bring 
the  deflection  of  the  galvanometer  to  the  zero  of  the  scale.  We 
shall  then  have  the  strength  of  the  induced  currents  expressed  as 
resistances.  One  advantage  of  this  method  is  this — that  the  read- 
ings are  always  reduced  to  the  same  pomt,  the  zero  of  the  scale. 
This  method  also  has  a  wider  range  than  that  of  merely  taking  the 
swing  of  the  galvanometer-needle  ;  for  currents  which  would  throw 
the  spot  of  light  in  a  reflecting  galvanometer  off  the  scale  can  be 
readily  kept  on  the  scale  in  this  method  by  merely  altering  the 
ratio  of  Rg  to  E^  in  the  Wheatstone's  bridge.  Since  the  shunting 
of  induced  currents  is  accompanied  with  difficulties,  this  method  is 
especially  advantageous.  "When  the  bridge  was  set  up  so  that  the 
smallest  variation  in  the  resistance  of  the  branch  containing  the 
inductorium  gave  the  greatest  variation  in  the  current  going  through 

the   galvanometer,  namely   when  — «  =0,  S^  being   the   current 


through  the  galvanometer,  and 


the  resulting 


value  of  E3  being 


R 


_      /G-B^(2B  +  B^)^  in  which  G  is  the  resistance  of  the  galva- 

nometer,  B  that  of  the  circuit  exterior  to  the  Wheatstone's  bridge, 
it  was  found  that  the  induced  currents  could  be  measured  to  one 
hundred-thousandth  of  an  ohm. 

The  followiug  Table  contains  a  comparison  of  the  induced  cur- 
rents produced  by  making  and  breaking  the  circuit.  The  first  two 
columns  contain  the  variation  in  ohms  of  the  variable  resistance  of 
the  bridge  ;  the  third  and  fourth  columns  give  the  strength  of  the 
induced  currents  on  making  and  breaking,  expressed  in  ohms. 


Change  in 

Change  in 

Strength  of 

Strength  of 

the  resistance 

the  resistance 

Induced  Current 

Induced  Cm-rent 

on  breaking. 

on  making. 

on  breaking. 

on  making. 

050 

GOO 

•0();^,25 

•00300 

700 

080 

•OO-'iSO 

•00340 

720 

720 

■oo;iOO 

•00360 

720 

750 

•00.'?()0 

•00375 

700 

700 

•oosrio 

•00350 

850 

850 

•00425 

•00425 

Care  should  be  taken  to  send  the  induced  currents  to  be  com- 
pared in  the  same  direction  by  means  of  a  pole-changer.  It  will  be 
seen  from  the  above  Table  that  the  ecpiality  of  the  currents  op 
making  and  breaking  can  readily  bo  proved  by  this  method. — Silli- 
man's  American  Jovrnal,  May  187'^. 
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